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Design of Hybrid Turbine Combining Darrieus and Savonius
for Tidal Current Energy Convertor
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ABSTRACT

This study aimed to design a vertical axis turbine of tidal energy convertor by solving the unsteady Reynolds-averaged
Navier-Stokes equation. Precise flow analysis was carried out to design a hybrid vertical dual turbine that combines the darrieus
type and savonius type. The hexa- and tetra-hedral grids were used to construct the computational domain and the grid
dependency test was performed to find the optimum grid system. Hybrid vertical turbine has been shown to further improve

operational stability and power performance compared to the conventional darrieus turbine.
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Table 1 Design specifications of vertical axis dual turbine
for tidal current convertor

Rated flow rate, m/s 2.6
Turbine height(/), m 6
Turbine diameter(D), m 3
Hydrofoil NACA0025
Solidity 0.16
Type H-type darrieus
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Fig. 4 Performance data of the preliminary design of
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A o ENle] &8 882 30%= 7HYstY] 7|2AAE
Yakelet, 7124AG FAdoll tiet A = Table 10 7

A FUE wjRAA dHsHES
37502 7HAS FAIAFTE
Eylo] sduere A2 gt o R 3|HA= A
O

ﬁd
H
alll
)
(L
>
K
1o
R
i rlo

A& Hieko 2 o] -A7| =S Skt

72EAE LR 25T 2SS 7Y ERle sl 33t
A B4 RANSSIA S 3lsto] 7 EYIO S8 9 a8
& %4 (tip speed ratio, TSR) 9] ¥isto] we} Fig, 49
e IEE EHle] ajde] wet &2 gho] Wshr| ol
EH19] mpxut 108k oA Hatth 9 S A
=A skl 7 HYlo Ho) 29 2 a8 42 1,59
TSRof|A] oF 114 kW H 23,5%5 <5313t @7l 42 9
F o 2o QloLt NACA00189] ©J3L &3 H-type T

oA ZogHlo] 28 G822 oF 20%=2 Vergaerde 592
AtollAl ERIESAL, & AFtole 7I2EAR FLEN]
9] Jgo] 23.5%2 8 AxtE|Qlong HA HAurt eldst
Ao AtzEr)

wlo] 7]z @Al e 33 -5
Sapste] A 29 gHS oF 114 kWE o) SHE A

- rEla
skelshgict, e 2R Axe £4S Telstd B
29 2 2] SIRIAE ENe] 2eS SEAAE 2
o] A7} EHO] F2S X717 SISAE Hl B4
of that HANAZ BE WHE UAT, B ATAE o
H1e) 7124l sl B fid ARAR.6 m/s)lA o
dlo] W ST F7HAT 4 UES S573EEA A
Alekstii Siek, Aekshe f44E9AE Fig, 0] =418}
shglon], od@ AEFANE B FUT 44 AY=
WA e BBE viFOR EHlo] AAE Wk 2F4
2 Z7b17 4 9tk Fig, 59 95783 Abol(a-A)ol
Al o] WHOR BRI £ RIS ekt 2R
o] 2.6 m/s8] ZZAOIA FEFIFA Aolol 4 Wre] Ft
R gl

= AR,
Fig. 69 $47814719) 28] w2 22 4o wake
aejze wlmshe] Uehhlth $478h:

=
W A o2 29 Aol $7hsH: A BRIstelm, Ay
% 5

>
o

N

Averaged Velocity [my/s]
-
£ :

o=}

13 1w

(=]

—Velocity between the flow intensifier

=
(=}

— — Inflow velocity

o
o

S

Normalized location A

Ei

g. 5 Velocity distribution averaged in vertically
between the flow intensifier(A—A")

2]
S

Power [kW]

=0~ w/o Flow intensifier \
—e—with Flow intensifier

0 0.5 1 15 2 25 3 35
TSR

Fig. 6 Power of vertical axis dual turbines with and
w/o the flow intensifier

S=ERHIIHEE

=28 M243, M6, 2021



o
o
40
>
o
>
i
E
ﬂI|IU
m
ie]
9
ol

#’%‘5‘1— EjHS FolA H-type the]-¢-2 BRI H-f-oll=
o1H}2] O 2 =0 =0t 27t L5 (self—starting) A
5ol 3 Zl Arh= EA47ol Qlt}, Fig, 7o) 7|2AAG 27
HH19| 3] w2 B4 31| Wsks vEh ek BRl 3
o] et B gho] #2] 0 Nmol| 7}7kS JL7t50] 25k,
g il Ae HHle) Sjxeo] 7] ufite] &0l
Ao WAYSEA] A Flt, E=3F HRlo) S| whef B4 gh
o] Fojj F 50,000 Nmoj|A] &4 0 Nm ©o|3l= G243 HA
=)7] wjzoll A7 4% £t MES of7|gitt,
AREU-9-2 EHI9] 9ol = &Y %01 Aoz A3
gk 2A7h g Aol stk Aol gl o]t B4
= agste] 7 A= ohele Eit’l«l dhAo R =
= &9 45 54 *HEH 2 E1H14 ”EH@QE XP

4 sfolsPl s —‘3—*&; w2519
. = el 71 EgAS Fig, 8ol A2kttt
BRAe] AU EUE Thel92 Eulat o] 3¢ie]

2 23 chel9 gule] AR A AAskc,
Table 16] Lhebil 23} o] thel 2 E¥lo]= NACA0025
o302 AASHIL AR S B Al Mlgos

ol
-

olHElE Lo gHIo &Y AL

¥} vk Fig, 99 2= et
AR U2 A EHS A3 slo)B

g ghe talea aﬂ 4 alﬁ}oﬂ
HAar 5<JEH : =

r
o A

o [~
)
n
o
[>
)
23

iy &

o8
sl
r
oflt
o
)

R

lo Hv
L
)

N
=

w

N

g}l_‘ l‘>’
nﬁx
)
‘L
rl
;U
:
at

I oM,

B =
o
2 o
oo
H
(o
—?L (o
T
s
rlI.
flo 3
1)4

204 5
98100156 g 174168162

Fig. 7 Instantaneous torque with respect to azimuth angle
during the last revolution for the preliminary design of the
vertical axis turbine at TSR of 2,0 (@rated speed=2.6 m/s)

S=ERMDIHEE =28 M24z, Me=, 2021

{ Diameter of /.

Darrieus

(a) 3D geometry

.- Diameter of
Savonius

(b) schematic of hybrid turbine

Fig. 8 Hybrid turbine combining darrieus(blue color) and

180
160
140
120
100
80
60
40
20

Power [kW]

savonius(orange color) turbines

—e—Darrieus

—o=Darrieus & Savonius o

TSR

3.5

Fig. 9 Power performance comparison of darrieus turbine

and hybrid turbine



ete - 2
160
150
140
130
5120
=S
5 110
z
£ 100
90
80 -o- $/D=0.25
70 - -8/D=0.30
60
1 1.5 2 25 3
TSR
Fig. 10 Power of vertical axis hybrid dual turbines with
different the S/D
259014 thel9-2 59 o) 227 sjojRal= 7 o
Hle] Zejo] Ao 2 g Zh= 2L BIF 4 gtk
stolme= eyl o] ARy Enle] H7(9) Wt
22 5ol vjAE P A5 S5k Fig. 109 SA
slol] w2 ElWl £ ol WalS wlmalqrt ARy S
ElRlO] A7 ohe]9-2 27 9] B|(S/D)7F 20%2) o‘l‘7]' il
NHOR e £¥ g UERion], 500 STl whet
Fasmlo]| w2 28 4% Fo] ANHHOR sk A
BTk 283l S/D7F 25% W 30%2] 73-9-ofl+= TSR=2.5
o Fabollq E¢ glol F3] Fashs A A 5 9
ALt
Fig, 112 sto|He|= BRI AREY-9-A 19 9 the]-9-2

Ejulo] sjdo] uhe Eo] WalE HelZED) 507k 20% 9
30%2] Ejlol| tja) Wlmsldon, 5/ 07k Z7kste] wet AL
BUSA 19] 5o W2 B0 WE o] & AL sels
2= 9otk AU 10] &(-)2) B2 @S e 7

150,000

—Savonius1@S/D=0.2 — Savonius1@S/D=0.3

130.000 = = Darrieus@8/D=0.2 = = Darrieus@S/D=0.3

Savonius]
~

110,000

90,000

/ N
E " \\\ N
Z 70,000 J— 773\
= Ry L 1w
2 4 \ [ ,’,: W
g 50,000 ’ W S on P
g /A A v
/ \ W W
30,000 / N / W / "
N / W / W
/ N / AN / [\
10,000 |/ \ . / o
ra 4 » / W\
{A— 7 \

-10,000 60 300

Azimuth angle [°]

-30,000

Fig. 11 Instantaneous torque for Savonius 1 and Darrieus
turbine with respect to azimuth angle during the last
revolution@TSR=1,75

42

HFX|

=

riok

MH>

Solli= 5/D=0,300| 4] Htfj 2k Flko] 5/D=0,29} H]iLste]
oF 610% T 2R 7H& UrEHHME} Ew} RN Equu 7
o= 5/ D7} Z7kge] whet ] Hef| whE 0] ¥E &
AdHoz AR e AL B8l S0 EIE

ol A2 grol o 22 e eIt olegt
100]| 42} 2Fo] TSRy1.5 F1tollA S/ D) Z7to] wkeh

At AL 3R0IEF 42 919t)

=2 T3 uva AR AX

Fd
of I
_IR_

A

il

o°1’

ko

m-l)lt HU r
W =
o

ZEHYx| Afo] 7z2[2] E

N M
o4 A
o ®
—
DO
2

1o o
BT

H19] Z‘ﬁc'ﬂ EHEPO% 4.7, 5.0,
AR o, 4,7D~5,3D2] HeloA=
A7t 71 ¥ 5,309 A9 7HE w2 &Y
of §5EREA] Ato] ARzt 4,709 790l
TQ} v asto] TSR(2,0 1ol 4] Ao o2
[dolA= o &

18]35, 38

O A

&

> Ol

N

o

S i
uﬁ

r
O

5

(<]

2

0|
i

Ut

.OD—°4

O ox od

i) rlo

Ehgict
FEFSA] Aol Aol Hsto] whE Rl ¥
L HALE Fig, 139 UERAICE BRIl gtFolA=
AE NP 4 s S5 ACl
I} 717 B 87K (blockage effect)ol] &J3l G-
2} s ol s F Eule] el Fol=
slolal 4+ ik Tela 944REA| Ale] Agle
Ao A% UM 4= gleE =,
EH19] 2o tislf 5,302 ﬂﬂa

ol

A

VH

- -
—

o

i)

0]

o

filo

Sk A~
P

>§>ij1o‘{|‘l

i
it

%1
9}

o

B 2% oo N b

Oi?_l‘i
(
o
R

rr

>
>,
N

fr

160

140

120

Power [kW]
3

60

40

20

--4.7D

--5D 53D

1.5 25 3.5

TSR

Fig. 12 Power of vertical axis hybrid dual turbine with
different distances between the flow intensifiers

S=ERHDIHEE =28 M243, MeZ, 2021



CHE| AL AIEL|IRA

(b) 5.0D

(c) 53D

ORI BRI I

Velocity in Stn Frame [m s*-1]

Fig. 13 Velocity contour around vertical axis hybrid dual
turbine with different distances between the flow intensifiers
at TSR=1.75

3.5 2t slo|EE|E 7 E{Hl 4

A% EHIZ Fig. 79 WeRH A3t o] BRI oo wh
2k ERle] B3 gho] g48] Wsiy mRAc2E 29| g
UeERl 7= gtk ol2feh kel s Ele s whE
=9 o) Wgo] A, LAY F3kE ST 9l
2 2RI o2’k 2AIE siEskalA} Fig. 140 Aot
AT} o] 2% Hulg AR} SR 2R 2t slolH
Zl= T EHle ASHATh Aot sHE EHI2 60°9] ¢
g ApolE ol st on, ot ot slojEIE 7

S=FAD S =28 M243, H6=, 2021

Fig. 14 Hybrid turbine combining darrieus(blue color) and
savonius(orange color) turbines

160
140 /‘\
120 L S O-=---en °
&-
=100
=
= 80
% 60
(=9
40 —e—Conventional hybrid turbine
20 -0-2stage hybrid turbine
0
1.25 1.5 1.75 2 225 25

Tip speed ratio

Fig. 15 Comparison of power between the conventional
hybrid dual turbine and the 2stage hybrid dual turbine

e
1o
i
)
ox,
olr
filo
&)
G
I
2
v
iu)
=
Q
=
N
N
1o
Prl"
s
|z
)

9.4%g E9o] skt ey 3 Whro] o] Rojx=
TSR(2,09] 7t A= BF &8 210l 100 kWS A3 sh=
ARE HolF]lr)

A7) Wstol| wet SjHsl= stolHe|E R BRI &
g gk WIS Fig. 169 YERRSITE 7]&9 stolHeE 7
A EHlo] ol B ghe] WE o] Wi A YEh
W, 59 7 e v W2 BEa Y] Gito] Q= A=
SRIF), e 2t ste|Egje 7Y BRI Ffol= A
WA o g B3 gho] oF 20,000 Nm FtoA] 2k ¥ %o
2 Wsks AS SIS = Sl ol2itt ¥E FHol A2 HHl
AAle 2 BRI AR F2E 9 7] ALge) AA
o= FFE F= KAEA vl FasHA FrhE 2E4
o8 9t stolBe|E R HYS & Ao A A
S gA =&

43



100,000

- - -Conventional hybrid turbine
80,000 —2stage hybrid turbine

60,000

40,000

Torque [Nm]

20,000

-20,000

Fig. 16 Time history of torque of conventional and
2stage hybrid dual turbines at TSR=1,75

(a) Conventional hybrid dual turbine
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Fig. 17 Velocity contour of conventional and 2stage hybrid
dual turbines at TSR=1,75
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2stage hybrid dual turbines at TSR=1.75
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