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ABSTRACT: The present paper deals with the numerical study to analyze the self-starting performance of impulse turbine in a reciprocating ai
flowo: generated by sinusoidal motion of wave inside oscillating water column. Result was compared to that of Wells turbine, well-dknown wave
crergy conversion device, and showed that the impulse turbine has a superior self-starting ability. More detailed parametric study was performed
to denwonstrate the effects of moment of inertia of rotor, loading torque, tp clearance and angle of guide vane. .

1. INTRODUCTION

A AAHe AR 173 tEo] 742 59 FAl
2 Q3] A2 dlAeAy A7t gdsl FH QU &
3] FllollMe 2 AU A F9] SRl 5 YR E o]
23 sEido] tig Bl Folxn Utk Tz AHHeE
AYRAE o}t FHE e ZA7F g XAl
olefgt HFoL1 A& K83 VA2 H@st7] YA e 384
o] zgo] WasA ok 132 FEFF(Oscillating Water
Column)® FHE o) 83t oL A7t Frloi X2 Hgst
Al ¥a1, 23 WA XQL Elo)Rl S Filo FrloyAle YA
AYRZ ulyA S, FH7E 3t A7 A71F o
U2 HEshA ok £ d7eMe gLd Lo AgEe
23 HEHE] Elojnlo] mlof ofa) HA| e lA FALEHE &
5 A= 5EHQ A7) 71% SA(Self - Starting Characteristics) &
FRAe 2 s 43tax} ST _

s Bohz AN B AAteEe) WEET ¢
11, B3] Y¥9] T. Setoguchi et al(2001)7} &3] A7 5 &
3t glon] ge 2 AP £4 AN 58 5l 44 de
ARE gol Ul Utk B dF FAY 2] 715 dEME
e}l oMol golnl zt7] v1F 54 siMal 9
TEE o8] 71 geuiele] g AFE Bl F¥sk= 5 &
71 71% S4¢ daME B8 =88 TEI v Utk

AMAA EAg AHA : FAFRA] =T FH2T 19A
0514104950 always@bada.hhu.ac.kr

903l WA M fF4E wEdAe 23 HEgAe
Wells Turbineo] ¥&42{A] Ae=d, HZ Impulse Turbineo] -1
o vlg] S-43ithe A7 dHrt Bol dRHR Uk §3] A7)
7159 BHAAM Felsickn ¢2lR Impulse Turbine-g 4X]7|
2 &ty 71E9] Wells Turbined} vjw st on] glonle] 3]A
BARAE, 29 Loading Torque 59 F¢e 13, 4§
CFD code}l FLUENTE o] &3t $x]A|4t 3tch 53] A

FA9 gred S 3 FAAFYY A T A+ 7t
X7} %3] e Impulse Turbined] didiA e 7lol= HiQle]
Z}x=(Setting Angle of Guide Vane)d 9% d7|E H(Tip
Clearance)e] 43 5 F8 mevllg]ol] didle 5A-& sotslo
Impulse Turbine®} 2}7] 71§ E4d] digt B} AT AF5
stz s

2. TURBINE GEOMETRY, NUMERICAL
METHOD AND TEST CONDITION
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Fig. 1 Impulse Turbine Geometry in 2-D Sense
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3. RESULTS AND DISCUSSION

3.1 Basic Equation of Motion for a Rotating System
gojRle] 271 2}7] 71F BAL thgo] &% Wygdez B
|48 + Aok

daw -
1y, =1,

where T,.=~%~Xpa (A+US) bl27,xCr

I, we Bojdle] 314 @A RilE(Moment of Inertia), €0}
Hle] ZH&gold). T,& 2E¢) Loading Torqued, Elojwle] &
A 5o Q3 £4%= Frictional Torque} WA 7oA &4
AHE-ElE Generator TorqueS Tl Zlo] BT, Oy EHow
o] Ee 3 Agoln, Tie gHojilg EQ a0tk Oy A4
e B3 7 Hojvle] FYA-F HMRE AH-Ee] EPA
HelMe) B3 ALt BTHAYS T, 2004). 27h0)20N
L3 ZHAngle of attack)ell i3k EelFU FEAS (Flow
coefficient) @ (¢ = v, /Up, o9 v, & 294 U2 H
ojRlo] B AL E)o] M 2 2 AYRFAUXE ALL-3
B, Fol3 f-EAF metx Waks TP EHY Eea A
Folck. T,& EoWl wAy] AlAjle) SPX2RY Fatn, /
= 7Z34 = pro/Engineer& 0|83t 7t

3.2 Comparison Between Experiments and Calculations
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Fig. 2 Grid Generations

Fig. 3 Comparison between Experiment & Calculation
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3.3 Comparison Between Weils Turbine and Impulse Turbine
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(b) Self Starting Characteristics
Fig. 4 Comparison between Wells Turbine & Impulse Turbine

3.4 Seif Starting Characteristics of Impuise Turbine
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Fig, 5 Effect of Moment of Inertia

shedAe] FFAHY o] HYouxE AMvEsR A7)
U AE HEshs AAd 23 \FGR o] o5 HFE F 7]l
WA} A7l 2 ARE7] fsie 2A7E Axort &
o} olw} wAzle) Eea7} FAAl Hed A7) viEte) A
E Yolusit) o] ERAE T (Loading Torque)2tn 3l &
#A 5ol vig &4 ¥ Q A(Frictional Torque)st W3 7lo) &3)
28 5¢E EL F(Generator Torque)Z Y 4= Uk Hae #
ojyle] MApe} Qo] A YT AL 7HAI, FA= H
ojdle] o] wisjsle Frishe A HUCh Fg 6&
Frictional Torque& 0.042 YA g3tell, Generator Torque
& ASAATIEA ool tig ol R7] 71E A 8
s} Kot} Zhge] tig-se REL B O 3o 2y
H438E Y3 dv AFHFIT L ASUEFA M. noue
et al(1986)2] Wells Turbineol] AH&-¥ =& Fusdly {53

- 222 -



Aok AHNA @& 4= ARo) Eojule) A7) 715 F4o) Ty
ol WA Whe3he AE& AY £ A

2.4 T,
m——— 0,001W

X,= 412.59

22 . 0.001we0.04
2 = = = = 0.003ws0.04
------- 0.02w+0.04

P} Ee——— ~ 0.1w+0.04

QI‘\.\l\\,\\I.\I,\'I‘[\‘\
[Ad

w x10°

AAANARAA LADIAN 21
A SV A AN AN

0.4 H*
4
0. ALAN \AAL \ &
HPANAY 1\-'J\--i '\:'\‘-f\'fv'}"‘u"\;’l\vh\- J“}-"\ﬂw Y "f\v’}
% 3 s 0 12

:
Fig. 6 Effect of Loading Torque
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(b) Self Starting Characteristics

Fig, 7 Effect of Setting Angle of Guide Vane
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(b) Self Starting Characteristics
Fig. 8 Effect of Tip Clearance
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4. SUMMARY AND DISCUSSION

S LA g Bojile] 7] V1F SA4E sy Yt e
code® 4% Al4tste Hdth A7) 71% ZWolA Impulse
Turbineo] Wells Turbine®.t) $43lttn d2ix A= 425
si+1 At o] & QU 4= AU, Impulse Turbined]] tisle o}
% #F& A7] 71% 5400 digt A9E 898 £ Yk

1) Moment of Inertia7} 2242 wislr} 4§ sixo) 7+3}
A & wedhe 5 A) 7159 ZddA feld 2RE 29D,
Rl frdutol] 9% vizkdoz s eolwe] Mo 3t
JEo] A A Eojyle] HAA W79 QA HY F5F SHolA
T FA 4 A%E QU gHdARR] H2 i §44
82 5& 1stod 27| 7ied A H WA 45 syt I
83 Ao|t}. Loading Torqued] thsiME R1743HA] whg-3tch

2) Elojyle] sloj=hiQle] Zixd ggke Elojule] EQ v}
55, F 7toluniRle] Zxr} 22 Aol A7) 7150 & g
€ A%E QA 23 At 3R Al 25 AP vlwst
Ae W FYH SANA EIDF AHE Iy

3) 3= A7) 715 Y WAE FRl&) B st =t
7) 7155 @OiE 359 9 3] ASE Bk HA) 2}
7] 7153 Aol 2 e EQ st & F9olA X7
71E°l & Hle 2748 €S F QM A 850 23¥AY
(t.=026)°] u}E WedS gAY 5 AAYch

5 7
B AT §RYA7Y Ao SusE By 4
831 712N ST A3 3 YRYL vhein), Ao A}
=gy

= g

e

44 (2003), A% g A AL FEAT, FFHYA
F¢ B3, UCMOM70-2471 .

AT, EAS004), “FARYE ol&F AHYHE JP=
Eojilel 4% Y, IS HH A, Al 187, 55
YT, MAY, olBE (199), “HH LA =Eo {4
A HedT, BRI =&Y, A 0¥ A 45,

pp 23-30.

B.-S. Hyun, J.5. Moon, SW. Hong, Y.Y. Le€(2004), "Practical
Numerical Analysis of Impulse Turbine for -OWC-type
Wave Energy Conversion Using a Commercial CFD Code",
Proc. 14th ISOPE Conf., Toulon, France, May 23-28.

- M. Inoue, K. Kaneko, T. Setoguchi, S. Raghunathan(1986),

"Simulation of Starting Characteristics of Wells Turbine"
AIAA/ASME 4th Fluid Mechanics, Plasma Dynamics and
Lasers Conference, Atlanta, America, May, 12-14

T. Setocuchi M Takao, Y. Kinoue, K Kaneko, S.
Santhakumar, M. Inoue(1999), "Study on an Impulse
Turbine for Wave Energy Conversion', Proc. 9th ISOPE
Conf., Brest, France, May 30-June 4.

T. Setoguchi, S. Santhakumar, H. Maeda, M. Takao, K
Kaneko (2001), "A Review of Impulse Turbines for Wave
Energy Conversion", Renewable Energy 23, Pergamon, pp
261-292, ' ‘

- 224 -



