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Abstract

A Particle Image Velocimetry(PIV) algorithm is developed to analyze whole flow field both
qualitatively and . quantitatively. The practical use of PIV requires the use of fast, reliable,
computer-based methods for tracking numerous particles suspended in a flow field. The TSS, NTSS,
FFT-Hybrid, which are developed in the area of image compression and coding, are introduced to
develop fast vector search algorithm. The numerical solution of the lid-driven cavity flow by the ADI
algorithm with the Wachspress Formula is introduced to produce synthetic data for the validation of the
tracking algorithms. The algorithms are applied to image data of real flow experiments, The
comparisons in CPU time and mean error show, with a small loss of accuracy, CPU time for tracking

is reduced considerably.
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Qoo xyedzte] AR E Hert F& A7
el Mz Ae) Watx] Fevhe JHA s, =y
g 1eAe U E® e sbg SARE 99
2 ZHY 2014 B et

A A Tl 93 A7) ABYYe
M4 ¥ B4 ZHY9) $dd YR T
£ 4 ARG E 2oty F 993 A
g Faty, AAeg Uy £5g A
& 4 2ok 4 @21, A @29 vEd, F 99y
78] AJ %A 4 (cross-correlation  coefficient)7}
Hol o] AN S e oA 240
HSH, #He FHel "ol o7)A, Imnn= A
QAN 2ol dgtoln, T(HE Fid
e FaaHeld® Frolth 4 (2= 4
2-1)9 AAE Fejolod, FFTH = Al4" 4
At _

$E3E 93 A5 AA=z o, 4w
499 FAe AP e PW 5L A
AR o wWwel FHe Wy FHe Ans}
AAE AR AN A7) W] Mt

ARG AN B 57 e Resh,

il(m n,t)-I(m+i,n+j,t+7

7189 HAgd FARL A3 Aol FAY )
AR g 2R Adsieg Aarsge] wfsl
o}

2 ATAE BuF ANRE Fo)7 Y8 &
B B A (motion compensation)2 ©] £8 AT
T8 VY€ FolA FFT, TSS, NTSS, HPME &
A8tk HYBE 4 (2-D)lA ¥ A(pixel) 9 o
A8 E FFTE ol &35t Az, *1HE]’zl_l-r—
A2 AAdsE Wyleln, TsSe NTssE =
Ao Hd ol5AYE 3A@-2-NE UE
T, 4 wARE ARdde FAETS 9 g4
AdE AN A9AT FE MW 44 ge
A A dde FHoz zelM HAFEHoz
FHE Ad FAAF e 7hF 4QLe 9y A
goll ol &k T A} H olF FHA4I N
(<7 pixeolzt & i, 3 Aol el 4 (2-1)
4 4 228 JEY HAAE  FHYo]
(2N + 1) g Axsb 9w, TSS9 NTSS=
°F 258 A% AR HY Yo EAs}
YT S Adtage] AA3] Frhgoh

Fig. 32 TSS7IWe] WEF:AAA L rRaFy
9J‘~'tﬂ ABAT HE H4A 249 9K 22

- #ol HRH s B 4 o3, 19A4H
HAZM kY A5 22 Bog Y
Hol 7h AL & 7 Ao B, o @A A
134 7 #o] A4tsld (sub-sampling),® A4+
& 14718 29 ok HPMS Fig. 19 L,
45 olHERNA HZo]|, ozl Gig
2. 59 2709 ZAE 1219 dielE 2 A A
1349 AeA¢E T 2edEE P
Holn, HAi9 AL aF),

BEFBASA A% SEPE ALY FRAEY
=5 HApixe)FHE AGEt F3AAA S
9 BEXE Y 3)9d 71$2(Gauss)BER 71§
3P AL =YEbd, M B Asub-pixel)d] &
HYTE AL & Y@

Cij

2-1

[ gj ﬁ“ﬁ(m n, t)] [ f‘, ﬁ‘\lz(mh n+j,t+ r)] "

g‘,(l(m n, t)—I(t)) (I(m+i,n+i,t+2—1t+7)

[ {] ﬁ;(l(m n,t) - 1(t)) } [mﬁ:“ga(mﬂ,nﬂ,w - It + z‘))z] "

(2-2)



156 Ea
2
C.OX) = C.C o - €XP (—"(—’2‘-—;2")—) 3)
ccE ARAFHEL duda, xot HIAH
ALe ztes Ao xF otk 4 3y o83
o, AYABAFE e BAH F99] 3T AN
9] COUYE o] €3t C.Cmax, xo, o5 AAtgch

32 HoF g3l ¥ FEMal oy

Ay el AdT 5 bFY 4R AHE T
oz ANE & 9ok, &F Wee Mg I
g 2 glom WwAH QHFHNHEL WYy 9
5, £F §AAMN & G4 3 3371'—-]
mre zaague Ry glo] LFIHES Al
Astzm, A gog dxs=d AUtk

o 8o PFrhES £9std rpdadd
olet2 ol &t Aye wad A, TATIHE
)" (local median filter)VE o] &&F ol 7}
4 RAstgel, 3718 B Ao, AR T4
o #Hul s/ WEe FAAS wlwstd 7

50% o]4+e] AolE Ml LFHEES TATH
A8 gt Add £Edes ARSIH
40T T T
1
111 { t Ve
il =% H i T
BghkS LT N £
=) T i i
aoly EArYBSFNI i .
] 7 j ]
1 =T |
B ,.3‘_" AL i
§ Ry ! = T
20 "?ﬂ‘ﬁ i ARE
St serais
rs KIS § S eEsusueRS
i i Sy AR
AN e
} \uREE
10 LA I
10 15 20 25 30 35 40
(2) Three step search(TSS)
r S T
S mxAax - T
ey |00 o onoo
| @] [ I R B onaog
G heuw | |0 0 0 0 ©
(}(DU \‘ WK
. x
L OTER 0 | lo oo o
! Q o} 9] ‘ o o o o 0
] |
N o T« S o B e I o)
S Jp—| —
Max. distance = 7 pixel  Max. distance = 11 pixel

(b) New three step search(NTSS)
Fig. 3 Vector tracking by TSS and NTS3
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(h) Even field image
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Fig. 5 Image separation
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Fig. 7 PIV results of backward

diad 718 g o) &% PIV dareiol e A7

(b) Final result after validation

step flow : Instantaneous velocities
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(b) Mean streamline

Fig. 8 PIV results of backward step flow : Mean quantity
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(c) Reynolds shear stress

Fig. 9 Comparison of velocity and turbulent intensity with DNS and numerical results
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