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Abstract

This paper introduces an analysis method to predicting the flow characteristic of flow
field around otter board in order to develope a high performance model.

In this experiment, it is used a numerical analysis of flow field through CFD(Computational
Fluid Dynamic), PIV method in which quantitative, qualitative evaluation is possible.

In this experiment, it is used PIV method with flow filed image around otter hoard in
order to analysis of flow characteristic. The result compared flow pattern with analysis result
through CFD and also measurement result of lift and drag force coefficient carried out in
CWC(Circulating Water Channel).

The numerical analysis result is matched well with experiment result of PIV in the
research and it is able to verify in the physical aspect.

The result is as follows ;

(1) It was carried out visibility experiment using laser light sheet, and picture analysis
through PIV method in order to analysis fluid field of otter-board. As a result, the
tendency of qualitative fluid movement only through the fluid particle’s flow could be
known.

(2) Since PIV analysis result is quantitative, this can be seen in velocity vector
distributions, instantaneous streamline contour, and average vorticity distributions
through various post processing method. As a result, the change of flow field could be
confirmed.

(3) At angle of attack 24° where it is shown maximum spreading force coefficient, the
analysis result of CFD and PIV had very similar flow pattern. In both case, at the
otter-board post edge a little boundary layer separation was seen, but, generally they
had a good flow.
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(4) As the result of post processing with velocity vector distributions, instantaneous
streamline contour and average vorticity distributions by PIV, boundary layer separation

phenomenon started to happen from angle of attack 24°, and from over angle of attack
28°, it happen at leading edge side with the width enlarged.

agol} AR 2ol BF H5RIN
48 s de BAe 8y 54g
Aseple QRNE Fiee fERY AL
sjofsh Aol Bastc

FALE sde AsuPAS A B

Age Augay #E fNHeE e
A 7Fs8is, dd WRozE FRAL o
W (CFD : Computational Fluid Dynamics)®
Ao gt S & 4 Uk
Ao g Agd g3 A &&= AS
Hoze IHEH FAFEA(hot wire), LDV
Laser Doppler Velocimetry) 5¢], &EAISH
o2 ZFH(probe) B0, 2R 2% AZ W
Ho 2 dAY(thermo-couples) 5°] AHEE
Jou, o5 ASUHEZRYH dojdl HEHE
Zxo)7)E AT A AlZel o Flo|y] o
o 53 HA A%S MYsrlde 4T
HEsith
o2 B3y AT 4¥H WHoE {FFIH
3 @48 FAF #E=  FE7HE (flow
visualization) ¥WHo] Stk 48, 7|E, 97 F
S o]&3% 1AF 5 /Mg WYL HA fF
2ol ARAHN ARE AR FI §FF
Ao e7EHE AFH] ARE 4E F gl
E @3o] o} gtk olys EAE HEdr] 4
A
7]
7]

o Ho ox ki

3o H29 F43 dAE s wA7 7%
Feo o 39l AR E T A
£24 AF7AE g Thestid
HEo] 483 T o2

53], #AFEY A" P MElris(digital
image processing)?] WELE fFEAl FdL
MBS FAYAEY AFS BFSE F I

gt o) ZXoE 3 fEHe &5 AS
W o] PIV(Particle Imaging Velocimetry)©]th.
o] W& 3R H£xE FAY A FHo
434 d&oz ASFY 47 JdeH o] FES
NS(Navier-Stokes)37d 2ol tiysted gt )
ge T AESHE HYEY AHAYAAE xS
AANZE FEAS 78 7 ok B3 g2 943
2K thermo-sensitive liquid crystal particle)
£ FHYAZ o|83H T 2ZEIAE
Al A 4 U

UA U WAAR ¥4 € AA9Ey
of #I AFME TgFe srAE JPEE Mt
FAGsty s Bstd B ol st
£:(1981)0] AT dAlo|2e] g, F F
(1987)0] wewZdam V-Asjste] #ato, &
5(1987)0] Flaps F2g el #std, &
5(1992)0] ANTY] A FGEH B #atd,
HE1993)°] AT FdarE MaES Wl
et A7st 7HAE 2 FAAEE E9T Al
o] B4 kM1994)2 FHfwe] ¥iE EA
2 44, T4 Ad8Y 5 A B4 A A7
TS AE7F ST
olgigt AFe HFHS JHAS|AY dE 2
59 ARH AFoz vl AN
golglAY Ae Ae W AAE
Ko, ohFst BrrdEAgRY A9
et AY AlEe] s e o8&
JE T QIAES sMEIdE AL

=
54

ol

i)

X

oL
fjo

32,

(o)
tlo

&
E
=
e
T
EX
=
=
T
A

W& AAstnA P

444_



PIVE o] &3 W% e
AR 2 FE
1. A4 2
2 A¥lA AR PV shedlo] 74

Fig. 19] BoF3 g

PIVE 437 91 71242l steglole #
9, 339 98 2 AFYA, AP =E U
Fold & gk

(1) PIV 43 #=x)

DI

229 £2AEE e FA 1-3mm
%9 Bek(sheet light)o] Fo3jth FPoz A
= 22k 9] Boe AT M AEAH &
4 A10m/s o8l w54 =) 150mm
X150mm)dE 0.5mW AFe] u&74 F5%
o A$(10~40m/s, 5% =7l 150mmX
150mm)dl= 5W %9 714 Fo|AHE ALg
g 4 oy, AL Ao FPL 2
B Gell Yste] AAURIE A 7L e
BE frofste{or gk

fo

53 ASd B A7

[¢]
4E% 42} 598 YR A8 doln
oe 9990 249 Bore A4 A

Be FA 2mm ATE PNEHEE A5
AN dHE RABIEE igloy, Auxiz
< HFo] 102 ?“7401 100mm?) PVC(Poly

Vinyl Chloride)®2-g AH4-3%th
Fig. 2= 7pdzlel 39S d2A 037 93
AOM (Acousto-Optical Modulator)213.9}9] A

FHAE etk & F(frame)?] olu|AE T
Nl BE(field) 2 vrold 4 9len, 2 Yo

Pl A2k AOMAIZ 9be] AoaAl= Fig. 29+ 2th
AOM# 22 3244 AE 24 Hd 29
Alzrel z2Ao] 7Ms3lAl FlB2 Fig. 29 Tlolg

= AAE vkediE 2F0] JksstA ®7)
Wzo] I ARE A naAtes 2

1 AZMARlIM S EElE wishrh A9 glota B
/\ olq.

1. Color Printer

3. Monitor

5. Hi-8mm Camera

7. CCD Camera

9. Axial type Impeller

11. Circulating Water Channeg

Fig. 1.
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Table 1. Experimental Condition
Articles [tem Specification
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Vel Image Board  (540480pixel)
1sualizati
on Light Sorce oW /iragso er; lon
equipment
. Cylindrical Lens
Sheet Light (width : 2mm)
Working Fluid Water
Temperature 157
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o .
condition Inlet velocity 0.35m/sec
Re No. 7.0 X 104
Input Device CCD Camera
Pentium PC (CPU
Host Computer speed: S00MII2)
Calculation Time 3.0 min/frame
Number of time
mean data 30 Frames
lmage Image recoding Hi-8mm
processing
Two-frame

Gray-level Cross

[denification Correlation

Algorithm
Ratio of Error  Under 1.0%/frame
Vector{(%) Average:0.4

54 : Image of second frame

— cA—

Correlation Area

f: fn @ %; o 1 gn
] \A
fi SAR g3
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Searching Area

Fig. 4. Principle of grey-level cross-correlation®.
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Fig. 11. Streamline and vorticity contour of CFD and PIV in accordance
with the maximum CL.
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Table 2. Results of Numerical analysis and
Experiment of Otter board Model
with 2 slot at angle of attack 24°

Calculation Experiment
Cimax Cp  C/Cp Cims Cp C/Cop
Model Scale
(Re=7.0%X10%) 236 030 787 202 041 493
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