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In this study, a wind tunnel test was conducted as a demonstration test for
predicting the performance of a counter-rotating impulse turbine for wave energy conversion, and the
internal flow of the turbine was predicted by CFD analysis. The results obtained in this research

are summarized below.(1) A wind tunnel test showed that the counter-rotating turbine with middle
vanes showed a maximum efficiency of 0.452, which is 1.13 times higher than that without middle
vanes.(2) It is speculated from CFD results that the torque obtained by the downstream rotor
increases because the middle vane accelerates the airflow entering the downstream rotor and turns it
to the swirl component.(3) The installation of the middle vanes increases collision loss and
friction loss, and it is speculated from CFD results that the pressure difference before and after
the turbine increases.



OWC: Oscillating Water Column

Oscillating B
airflow 777}

1978
McCormick
1 Oscillating |+
1986 Richards airflow
30
1985 1
3 CFD: Computational Fluid Dynamics
(1)
CFD
2 2
2
3 43.2mm
70° 0.3 v=07 1 30
r=D(1+v)/4=102mm 2.02 4 2
7.7 mm 1.6 mm 56 mm
27.8 mm 29.8 mm 30° 1 20 r
1.75 8 mm
1.6 mm 65° | =23.2mm 34 r
1.23
5
240 mm
Q(<0.459 m3/s) N 0<N<
1400 rpm 100 rpm To Ap
v (= Q/A)
CT CA n
¢
Cr = To{p(vV+U?)Ar/2} @
= ApQH p(v+U)AVI2} = ApH p(v*+u?)/2} 2
1 = Tow/(ApQ) = Cr/(Cad) ©)
¢=vlu 4
A {=7D¥1-1A/4=0.02307m%} T, ur

v (=Q/A) Ap

p 1)



16 Guide vane
o (20 vanes)
7.7
B3 Rotor
' (30 vanes)
70° 70° 78
i Rotor
' (30 vanes)
70°
30° — .
. 65
1.6 Guide vane
(20 vanes) 16 \
232
2 3
e s Centrifugal fan
: . — Air
3 - . Setti
o e T | chmer |
L]
Torque detector
\ Air Torque detector
. \
100.6 3 :
- Servomotor  Rotor Servomotor
4 5
Outlet : Atmospheric pressure Guide vanes  Casing Inlet : Flow rate
Po=0Pa Q0 [m¥/s]
&=
=
. 10D . L 5D N
Rotors
6
CFD
Cradle  scFLOW Navier Stokes
(RANS) AKN 6
D =240 mm
5D 10D 1000
1100 No-dip
Q
7
$=0.90
8 8(a)
Cr

8(b)



8(C) Ca Ca
8(d) n n
Ca Cr
71p=0.399
flp=0.452
1.13
12 14
10 / 12
8 10
6 8
<
9} 3
4 6
5 ~Middle vane-less d ~Middle vane-less
~With middle vane ~With middle vane
(1] 2
-2 0
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
@ (0)
8 - 0.5
--Middle vane-less (Upstream rotor) ’
7 || —Middle vane-less (Downstream rotor) 0.45
~-With middle vane (Upstream rotor)
6 || —With middle vane (Downstream rotor) 0.4
5 0.35
0.3
L4
@) =025
3
0.2
2
0.15 ~Middle vane-less
1
0.1 ~With middle vane
0 0.05
-1 0
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3
¢ ¢
(b) (d)
8
CFD
9 9(a) (b) 2
10
Vu

8(b)



Downstreara
\srotor
W

€Y (b) 10
9 $=0.90 $=0.90
1 11(a) (b)
12(a), (b)
-500 [Pa] 2000
[ e |

W Déwnstream
rofor

(b)
(¢=0.90)

-500 [Pa] 1400

NN

,\dle ane

(1) , , , , , , 113
7 , 46(11), 692-698,
(2018).



2 2 0 2

T. Ogawa, M. Takao, M. M. A. Alam, S. Okuhara and Y. Kinoue 2217

A Study of Counter-rotating Impulse Turbine for Wave Energy Conversion -Effect of Middle Vane 2022
Thickness on the Performance-

Journal of Physics: Conference Series -

DOl
10.1088/1742-6596/2217/1/012073

M. Takao, K. Kanetsuki, M. M. A. Alam, S. Okuhara and Y. Kinoue 1909

Comparative Study on Starting Characteristics of Turbines for Wave Energy Conversion 2021

Journal of Physics: Conference Series Paper No.012057
DOI

10.1088/1742-6596/1909/1/012057

7 0 3

T. Ogawa, M. Takao, S. Okuhara, S. Sasaki, M. M. Ashraful Alam and Y. Kinoue

Numerical Analysis of Counter-rotating Impulse Turbine for Wave Energy Conversion

5th International Conference on Renewable Energies Offshore

2022

Koichiro Suto, Toi Ogawa, Manabu Takao, Ashraful Alam, Shinya Okuhara, Yoichi Kinoue and Toshiaki Setoguchi

Experimental Study of Counter-rotating Impulse Turbine for Wave Energy Conversion -Effect of Middle Vane on the Performance-

9th Asian Joint Workshop on Thermophysics and Fluid Science

2022




26

2022

100

2022

T. Ogawa, M. Takao, M. M. A. Alam, S. Okuhara and Y. Kinoue

A Study of Counter-rotating Impulse Turbine for Wave Energy Conversion -Effect of Middle Vane Thickness on the Performance-

16th Asian International Conference of Fluid Machinery

2021

25

2021




51

2021

(Okuhara Shinya)

(90835779) (55201)
(Alam Ashraful)
(60759819) (34407)
(Kinoue Yoichi)
(50274486) (17201)

(Kihara Kazuyoshi)




Indian Institute of
Technology, Madras




