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Simultaneous Measurements of Velocity Fields at Two Vertically Crossing

Planes by PIV Systems Using Polarization Technique
Kyung Chun Kim, Sang Moon Kim, Sang Youl Yoon and Sung Hoon Kwon
Abstract

A new PIV technique was developed for decreasing optical error which was created during
simultaneous measurements of velocity fields at a wall-normal plane and wall-parallel plane
by a plane PIV and a Stereoscopic PIV system. The two Nd:Yag laser systems and three CCD
- cameras were_synchronized to obtain instantaneous velocity fields at the same time. To avoid
optical noise at the crossing line by the two laser light sheets, a new optical arrangement
using polarization was applied. The obtained velocity fields show the existence of hairpin
packet structure vividly and the idealized hairpin vortex signature is confirmed by experiment.
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Fig. 1 The schematic of experimental setup
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Fig. 2 Erroneous image in crossing of two light sheets
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Fig. 3 The filtering of polarized lights
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angular difference of 45°

(c) the angular difference of 90°
Fig. 4 Comparison of the angular difference between
two polarized lights
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Table 1 Flow parameters

Case Reg=514 Reg=934
Ue 1.48 m/s 2.87 m/s
U, 0.0755 nv/s 0.1361 mv/s
) 59 mm 58 mm
0 5.42 mm 5.08 mm
H 1.242 1.226
Re; 5597 10,671

.34 44159 244 7&x

B AFo) A o(Vortex)® Robinson®o] AF S

o 454 FEo AYsE JASES W
| SEFE VA W fasl 2ol 43 o
& guE oF: FENe P3H

(Concentrated Vortex)% @..O_E Aolgth dFE
t d=F3 oMol oo A7 LA H
2 24ET. AEE 99 A7 R 9E o
#e} 2.

ov  Ou + QY
» @ )
ox oy Us

3.1Reg=934, y' =43.62 OIAS &H=H

Fig. 5 © o8 9 7z YW o =2A,
Reg = 934 Q1 ZPG(Zero Pressure Gradient)oll 4] o] &
£57} 09 o3, WRHFE FXU5 5}01 vHel
A =37t *’—»‘K‘E;‘c}(x—y)olq. A rkzQl 5
Mt WS S48 %%%hsokg,] EH E
BET AEHRLE :llﬁ‘ﬁ} Ayjolth, &R
v o] 94gS olFHA wix thEAY ZL2
&2 015;}“ Z(HVS : Hairpin Vortex Signature)
o] Uehdth mF Q2/Q4 9o AAALL JFELFE
VITA(Variable Interval Time Averaging) °|HE7} U
Ehun, detFol A gk, E=F o] 29
oA JdoeE FAE FEE F4 FH A9
ol 7Hg}. ol B AFoA Ay JAFE &
& YEehdH

=09 L

Vortex Head }

e e

400 500 600

Fig. 5 The Galilean decomposed instantaneous velocity
field(Reg =934)
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Fig. 6 3D instantaneous velocity vector field(Re =934}
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Fig. 7 The Galilean decomposed instantaneous velocity
field(Reg =514)
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Fig. 8 3D instantaneous velocity vector field(Reg=514)

2 ZK(Optical Error)E HA3AZ = YE N2
AZ71ME 13T o= PIV System 3} 338t
SE&% VP oRA 7IEY SHYAS A
LAAZRGL & 5 ok =3 oy oo ¢

29 #4993 FHAL Ao SH, 9

W ool LXE B H Streaky Structure ¢] HE| 2
Counter-Rotating Vortex Pair 727} 9l&0] &2 =4
=3

g )

0l =22 2003 H& st=XEM2 XA 2
ot &7 & Y S(KRF-2003-041-D20087).

=V |

1) Soloff, S. M., Adrian, R. J. and Liu, Z. C., 1997,
"Distortion =~ Compensation  for  Generalized
Stereoscopic ~ Particle  Image  Velocimetry”,
Measurement Science and Technology, Vol.3,
pp.1441~1454.

2) Saga, T., Hu, H., Kobayashi, T., Taniguchi, N.,
Yasuki, M. and Higashiyama, T. 2001,
"Simultaneous Measurement of All the Three
Components of Vorticity Vectors by Using a Dual-
plane Stereoscopic PIV System", Proc. 4th Int.
Symposium on Particle Image Velocimetry, paper
n0.1020.

3) Robinson, S. K., 1991,
Turbulent Boundary Layer
Vol. 23, pp. 601~639.

Coherent Motion in the
, Ann. Rev. Fluid Mech,,

-63 -



