h=af ok F a3 A A27d A3E, pp 67-72, 20131 6¥ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

Journal of Ocean Engineering and Technology 27(3), 67-72, June, 2013
http:/ /dx.doi.org/10.5574/KSOE.2013.27.3.067

S el ety |ed A yA AR
e g etul sl d et A rles et

e -2

Flow-Turbine Interaction CFD Analysis for Performance Evaluation of
Vertical Axis Tidal Current Turbines (I)

Jin-Hak Yi***, Sang-Ho Oh*, Jin-Soon Park*, Kwang-Soo Lee* and Sang-Yeol Lee***

*Coastal Development and Ocean Energy Research Division, Korea Institute of Ocean Science and Technology, Ansan, Korea
**Department of Fusion Study on the Ocean Science and Technology, Ocean Science and Technology School, Busan, Korea
**LeeWoos Co. Ltd., Seongnam, Korea

KEY WORDS: Flow-turbine interaction analysis, f-&-E1%1 1% 3|4, Computational fluid dynamics (CFD), %4398}, Vertical axis
tidal current turbine, 3% %% B9, t&]-$2 EW, Darrieus turbine

ABSTRACT: In this study, numerical analyses that considered the dynamic interaction effects between the flow and a turbine were carried out to inves-
tigate the power output performance of an H+ype Darrieus turbine rotor, which is one of the representative liftingtype vertical-axis tidalcurrent
turbines. For this purpose, a commercial CFD code, Star-CCM+, was utilized for an example threebladed turbine with a rotor diameter of 3.5 m, a
solidity of 0.13, and the blade shape of an NACA0020 airfoil, and the optimal tip speed ratio (TSR) and corresponding maximum power coefficient were
evaluated through exhaustive simulations with different sets of flow speed and external torque conditions. The optimal TSR and maximum power
coefficient were found to be approximately 1.84 and 48%, respectively. The torque and angular velocity pulsations were also investigated, and it was
found that the pulsation ratios for the torque and angular velocity were gradually increased and decreased with an increase in TSR, respectively.
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7 AL AE BT
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Aol vitkR el SEvEte A - dEikks FAoE il
FR3 28, 2F UAE 7T Yk olgg gy E  AlZE A EES 277 7L e &F YRS 7IAIA 9
AAA YR APoz Jfaslasl shs xdo] SRRy UAZ ¥Ekele ZFEA EHlolH, dx) /Y Bol AT
AzxERon 28 oA Z9 A 2011d At xE e 2T HHCEE V|E 388t £ Hulg 5
Ar 3 AZIZ AANA 7P 2 e 2EddAE & 3 FHS5 ZFEA EN(Horizontal axis tidal current turbine)©]
2357 ok W 23 dUR|e AS LEES H|E3e] = th I SEE APRFERNA HEE vl e 2E 2R/
e, W5 B4 E S oy A 8 W] sk W B (Vertical axis tidal current turbine)2 231 && =W
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of Ho] H&HI v I8 d FHEWHBEMI, blade ele-
ment momentum method)& ©]-88kAY F-2 A4 SHCED,
computational fluid dynamics) Z=5 o]-&3}] EjHle] g
&5 WHd F oy, S 2RTA Hule A4S AR
el st} BAHE F{(Wake)7}t sH7S 270l B
7] Wil 71 BEMTE U= #8317] o]{il CFDE ©]
g AT G iAo E S Yl HlsiM= Bol o
AR skt 2y H A5 Bl gk A gdAjo] o
WA CFD 4 3 43S 53 SR L s
JE=H, Jung & (Jung et al., 2009)& 3-8
A5 BHl F99 B #
13" 3 F2 whe] s %
i1, Lee & (Lee et al, 2012) <+
FEH|(TSR, tip speed ratio) <}
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2. O|E2H HiZE

71E ATelME B 5 sk A9 frEe SAlOl AL
Holr] ffste] F2 JA| sy Jode 2AE 2= 2F

G gH R Ale]o] o) ZAAKSliding mesh)E 4331,
EA ol st A 3]3H -5 (Rigid body rotational motion)<
TRt o5 EAlSIGIT oluf A &Fe A9Hew I
k= Al 4EEE o] 33 55 A= HoE P
U AE719}F Zo] dA% AEEE JHAE A9 Al o]
A H&EAek 2y 191w &S Fo] AT 3
AeEe sk BAlo 2, 5ol osto] o] WA s=
R gl 53 22 AXEL A FH sHU= o3
Wi 249 6 AHE 52 e I iAoz BRle
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Star-CCM+E  A&-3}o
adapco, 2006).

A e FAY FEAES ] st =49 6
AT 5 7= WHOZ DFBI(Deformable fluid body
interaction) 2} DFBI J#WIt]= FA(Embedded motion)d] 5 7}
2| "palo] it} DFBIE s|4slaA) 3l B4 £%52 34
A Gl 5L T AU S5O0 BAleiH, 22 18t
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= F Slvke A4l vk ®hd, DFBI 9Hti= =4 vy
M Fgel nAE =AS w2ol= SAVE A EAT W
AstA N, 1AE FEH F0] dojue FiY o|sAAE
o]&g 1ol A2 ALMATR] o] Hol AQEE U
o] Atk oA T WYL It AFEFo A W o}
Yl FF7v dere] E33¢ 313 (Pitching), &% (Rolling), &
Y (Yawing) 53 o]2d &-52 &5 A 1A + gloH,
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nal moment)E 1A F Uth= L EH WY Hes o
Sahetl SlofA v ARl Wele} At
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o U= o7ie] 50849 alE Tellof gtk ¥t 3
AEFe] W84e vt 2ol 28d 4 Stk

—=f @

—=m, e

A7V mI M= 47 49 A5} 30eF 2 ZelEo|y,
V.9 w,= 27 A4 =(Linear velocity)$} ZH5 % (Angular velo-
city)oleh. g9 {9 m = 22 2§ st ZHEE Yehdth
T3 BAY) o) g FAE 913 HH(Pressure force,
p)T A (Shear force, T) 2L FHolL} FAIE 22 A%
2 (Body force), Q19124%1 €4 3}lF(External force) 5% ¥
stofof gt} o]H3t JEL vt 2 A og Ale 4 Qo

f= /S(T—pI) - ndS+mg 3)

oA71M, T pi 747t Bash melel ZHEERE eoln, T
GBS, a3 sE A7 Wel £Ee W AP W
(Surface)& SvI @k 1) m} g 247 AP} FHNEE
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Hgjolr}. o]z|gh 3o Z et WAsl= EHE(m )9} =419 #
J 59 E (Moment of inertia)(M,)© T3 2o AL 4= itk

m(::/ (r—r,) < (T—pI) - ndS @)
S
M= [ pller) - o) (eon) - (o lav 6)

q71A, ro} r. e A7 FHES A ol Fgae H7HA ]
Aot A& FAAFEY Aotk ol2d B RHEE
4 F32(Inertial reference frame)llA Z+ A|ZE{FHE(Time step)
A A=Y, EAVL ST wEf S5O g A2 9

A% Q71 98 LEWRAL T ol Huse, fAle) R

AdE LAY e 23 HEH o5t tEH 2ol
xd=o] A 4 Yok

av, f

dt  m ©)

mo At fn*l+f:1n_ At f:l,f7171

Ven =Ven1 T -5 = hoat———| 0

Vznn +Vc n—1

rz,?n = ra,nfl + 2 At (8)

T3 AT AsE FANgAe HEYHE g
2.

i/ dV—/V - ndS=0 ©)

atJ v s

d

— | pdV= [ p(v—v,) - ndS=0 (10)

dt [/ S

d . .

o / VpuldV-‘r f P (v—v,) - ndS= f S(Tijlj_pl,) - ndS+ f VprdV

(17)

% / v / POl - nds= / V6 s+ / sV (12)
A FrAlel gk siAS flste] AREE Al WA AT
A2, 5 g4, 28jar oy|A] g Aoln, Wi RElE = Rea-
lizable k-e, Two-layer all ™ 22& ARSI TE a4 A] U5 5=
H3FE 10~20H 0.2 A A v o] Alkks 38t

3. 2X1H M E St ZFEUHM EEle] EN EA
3.1 RN Ao M

o] AFellA welgh HYle HE thel¢-2x(H-type darrieus) B
o2 Wl kel Ae] £2(Tip loss)S F-AISkaL %2 F41]
! ZEA, 28lal fred Bl 7o) AEAE diie] 284 5
HESE] ffate] 221 34 Fasisith HRle] A2 Table
1olM 8t o] 7]& AFelA H&3 el AL fFAlshAl
ARsldon, gRle] 273-e 35m, 719 3/ (Airfoil)> 33}
@S] NACA0020, E719] 219 Zo](Chord length)= 048
m, 22]a1 7] ¥-S-ZHAngle of attack)> 0°E 12 5tSic) 3
A 27l 3wl digk drie] dH Bl &2 U E(Solidity,

=]

=

o yd

A% F5-E0 95 D A4 () o

Table 1 Layout of test turbine

Properties Values
Blade chord length (L) (m) 0.48
Turbine diameter (D) (m) 35
Shaft diameter (d) (m) 04
Inertia moment (M) (kg-mz) 10.3*

* Obtained by considering thickness as 0.0lm for 2D analysis

0)= 01312 7|F A7l AF=AH 0132 FARE Fhe 2t
E= S} THKORDI, 2011).
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AN Azs AR, 2FE R 94 diside S7
3] 2t ARE ZIEE Slgth 53] Ul 9] BAE FH
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TELE F AR § RS FGlth ¥, AAxRNeEE o
A8 =2 £0] 2 3(Velocity inlet condition), U783 9= el
2 WA Y7} =Z(Pressure outlet condition) 3}92.H, -5 12
st AAlE t3(Symmetry) 202 AA3IHTE gHH Dl
23t FES 992 I AARE AASH] Y5t A
Al(Rotating part interface)S 4743}t

ZREA Ele A9, §¢ Sxd w gols= 7t gt
A3 olefdt dole= g it YAF 59 540 g2t
Q7] WEol (Lee et al. 2012) °] AFAME ZF 5
1m/s, 3m/s, 5m/s2] Al 7IA =2 1#sla, f-5ol 23 §Hle]

AL FUY + A= Sk

il

3.3 70l olet Eele| n=3Eoi| chsh shA Znt

o2 €] Fig. 2= <5 5m/sollx9] T =8 H(Transient analysis)
HAFAE BNl A&} SoMe] ESE AT Aot
ol eJste] Byl BAE 1% o|F EHlo] 3Hsr] Al&ket

Fig. 1 Mesh generation for 2-D simulation of a test turbine
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(a) Angular velocity
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Time (sec)
(b) Shaft torque
Fig. 2 Transient analysis results (v,,=bm/s and 7 ,.,=205Nm)
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E3 ke 59 FYATE e A9 e Ao E BAHA
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(a) Pressure distribution

(b) Velocity distribution
Fig. 3 CFD Analysis results with inlet flow velocity of 5m/s and
external torque of 205.0 N-m
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Fig. 4 Angular velocity under excessive external torque
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