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Abstract

The SPIV measurement of wake flow in current
turbine & development of PIV algorithm using

reiterated method of cross correlation plane

Sung Taek Park
Dept. of Naval Architecture and Ocean Engineering
The Graduate School

Seoul National University

Influences of efficiency of current turbine on wake field are investigated
by towed underwater Stereoscopic Particle Image Velocimetry (SPIV)
system. The TSR conditions for wake measurement were chosen based on
the torque coefficient and flow filed in various downstream locations are
measured. The time averaged results showed that the wake flow become
more uniform and the TKE distribution is more concentrated around tip
area of the turbine wake as the torque coefficient increase. The
measurement of five hole Pitot—tubes were made and exclusive software is
developed to analysis the data of bhole pitot—tube experiment to compared
with time—averaged SPIV results at the highest efficiency value of TSR
condition. Also angular and radial velocity components were calculated. The
results showed that the angular velocity is reversed from the out side of
border area of the turbine wake. Also relatively high angular velocity was
observed near the wake core and it could be negligible as getting closer to
the turbine tip. In addition, efficiency of the turbine and the fluctuation of

the velocity has a strong relationship due to the development of strong tip



vortices, as observed in phase—averaged velocity fields results. Also to
get the high resolution of PIV results, the reiterated cross correlation
method is invented and used to developed the PIV data analysis program
which can give high resolution PIV results even with one pair of raw data

of pictures

Keywords: Current turbine, Stereoscopic Particle Image Velocimetry (SPIV),
Cross correlation, reiterated method.
Student Number: 2012—23309
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Figure 1.2 passive system of yaw control & vertical type current turbine

Figure 1.3 Global resources of current turbine
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Figure 1.4 the plant system of current turbine
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Figure 2.1 Shape of model scale’s current turbine
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Figure 2.2 The 2D NACA air foil of 63418
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Table 2.1 Chord length & pitch
angle in each section

Pitch
r/R Chord \
{(mm) Angle (°)
0.15 21.213 0
0.2 21.213 0
0.25 Transition Transition
0.3 34.2055 16.98
0.35 32.7555 14.59
0.4 31.3055 12.66
0.45 29.855 11.07
0.5 28.405 9.75
0.55 26.955 8.64
0.6 25.5045 7.69
0.65 24.0545 6.87
0.7 22.6045 6.15
0.75 21.154 5.5
0.8 19.704 4.91
0.85 18.254 4.33
0.9 16.804 3.74
0.95 15.3535 3.02
1 13.9035 2.5

Figure 2.4 Pitch distribution in each blade section and it's surface shape
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Figure 2.5 Model scale’s blade turbine
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2.2.2 91 AX}

Figure 2.8 Towing tank in SNUTT
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2.2.4 5F JET AXH

Figure 2.10 The component of 5 hole pitot tube system
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Figure 3.1 The SPIV measurement setting condition
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Figure 4.2 2nd frame of PIV picture

Figure 4.1 1st frame of PIV picture
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i g
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I : Pixel value of the interrogation area
I’ : Pixel value of the searching area

p; - Average of the interrogation area
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Figure 4.10 Normalized cross correlation plane
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Figure 4.14 Cross correlation plane of Fig.4.13



R.=F~(F(I) x Gonj (F(I')) ASATHE] F7]E 7x7 o] ofyz}
Y N <20 HAE e He ol E
Fig.d.14 ¢ 598 272 wWakes
#go] dastA drt olel tfa] HAAE
Fig.4.13 ¥} o] uAazAl e ‘0 ¢

Dummy X7} &5 0] 917] ufjiol
ol AAN F= FAT o] QT
o] Fourier 34 W39 A S
AFE-3ke] Fig.4.163 o] Zdst 290
et 7k 247 eAgE Ry & gEgs
neste] Figd.14 9F 43 AsA4AdS “Ea 3 5 Aok 234 o=

Fig4.15 14 Dummy #kel] ojst A4 A A1 E5a0 A5
gere W B A whE FEsto] AgE Hn olg go] maxAG Y
A (@y)E TG dolAd A oI FAAT N AN FASA sk

AT AT AAEE T HEHE = @ g A Aok

Figure 4.16 Process of getting cross correlation plane from FFT results

_28_



A AFH ALSARY L FET el et A4 S5 ol S totny]

$UE FA9 Ead28 THE AHEE 499 A ¥

=2
>,
2
|
of
ol
rlr
)
s
>
=
2
ro,
52!
0Q
-
—
ﬂ
o
>
=
ofo
ol

gald ol o] 471} Overlap =l wheh

X 2 A A+ Intel(R)

Folom ALz el A F7]= 511<369

Figure 4.17 Sample pictures of 2D-PIV from http://www.openpiv.net

Table 4.1 Condition of PIV analysis for time comparison

“IAE"!%"!‘. ER E.“—."%'.‘!‘. ER Overlap (%)
(Pixel) (Pixel)
Case 64 % 64 128 X 128 25
Case (2 64 % 64 128 < 128 50
Case @3 3232 64 % 64 25
Case 3232 64 % 64 50
Table 4.2 Time consuming of each condition
X JAFS AlD
af x| gaws gms | TISCERE o s
+ FFT
Case @ 24.559118 6.513729 2.884638
Case (2 49.089705 12.982146 5.809927
Case 3 23.581999 5.781840 2.934214
Case @ 53.471875 13.065574 6.624121
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Figure 4.18 Emerging error vector from normacross correlation analysis
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Figure 5.4 Calibration chart results of three 5hole pitot tubes
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[\/(27mR) + (L d4mnR? xe| = [Rexv]? | n(?ﬁg +1967r21132)2—(Re><y)2 (Eq.6.3)
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n = ST e (Eq.6.4)
2R
2 REQXV R
\/( %};) (1.47R)
vV, = TR e (Eq.6.5)
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Table 6.1 Wake measuring condition

TSR RPM v, (m/s)
3 240 1.676

3.3 240 1.523

3.5 240 1.436
4 240 1.257

0.7
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0.4
0.3

0.2

0.1

2 2.5 3 3.5 4 45 5 5.5
TSR

Figure 6.5 Wake measuring condition
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6.2.1 Time average &H+3% 3447

Figure 6.6 Time averaged results of u/U, field at TSR3 condition

Figure 6.7 Time averaged results of u/U, field at TSR3.3 condition
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Figure 6.8 Time averaged results of u/Ua field at TSR3.5 condition

@

Figure 6.9 Time averaged results of u/U, field at TSR4 condition
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Figure 6.10 Time averaged u/U. distribution in each TSR condition



Figure 6.11 Time averaged results of u,/ U, field at TSR3 condition

Figure 6.12 Time averaged results of u,/ U, field at TSR3.3 condition
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Figure 6.13 Time averaged results of u,/U, field at TSR3.5 condition

Figure 6.14 Time averaged results of u,/ U, field at TSR4 condition
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6.2.2 Phase average &% 447
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Figure 6.17 Phase averaged results of u/ U, field in each location at TSR 3

u/ U
118
1.146
1.112
1.078
,,,,,,,,,, 1.044
1.01
i 0.976
Section 1 Section Section 0942
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Figure.6.27 Improvement error vector handling by increasing number of reiterated cross correlation plane
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Figure.6.32 The instantaneous flow field of cylinder wake using reiterated cross correlation method
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Figure.6.35 Phase averaged results of u/U, field in each location at TSR 3.3 with reiterated method 0.908
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Figure.6.36 Phase averaged results of u/U, field in each location at TSR 3.5 with reiterated method
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