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Performance evaluation of Volume PIV based on Affine

translation and measurement the wake of a circular cylinder

by Yeong Ho Kim

Department of Refrigeration and Air-Conditioning Engineering

Graduate School of Korea Maritime University

Abstract

The paper discusses about the performances of the constructed affine
transformation based tomographic PTV algorithm. Before commencing the
performance tests on the tomographic PIV, the performance tests were
carried out for the artificial images of which data were numerically
generated for the two—dimensional Taylor—-Green  Vortex. The
two-dimensional vector fields were <calculated for these artificial
images by changing several factors such as, particle maximum
movement (PM), particle neighbors(PN), particle number of density and
particle diameter. For the tests of the two-dimensional cases,

two—dimensional affine transformation was used.

Three-dimensional vector fields were also calculated by using the
artificial 1mages of a three-dimensional ring vortex, in which
three-dimensional affine transformation was used. For the reconstruction
of the artificial particles, the MART(multiplicative algebraic
reconstruction technique) was used for the tests the tomographic PTV
algorithm. The three-dimensional distribution of the particles and their

locations were reconstructed by the use of this MART method.



After confirming the performances, the constructed algorithm was
tested for the wake flows of a circular cylinder(Reynolds number = 630),
through which the flow features obtained by the conventional tomographic
PIV and by the constructed tomographic PTV were compared, and eventually
the performances of the constructed algorithm was evaluated

qualitatively.
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{( 3 su) +( 3,i_Cs,ij)2}/Tq2

5 _[1-05D, aD<1
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d® = Agt? +Ba(t—1)/(z af_(t—l) +d-*(t_1))
ij ij ij i !

d’® = Ad D 4+ Bdf(t—l)/(z a'”(t—l) +d.*(t—1)) (2.23)
i i i il i
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2.4 Tomographical Reconstruction Method (ART & MART method)

= wWolE= Angular  method$:

ol

Ak 22k Fter R
Translation method”} ATF. Angular method®lli= matrixE ©| 838t WHo=Z
2A(2.20)3 =&8o] Zo] H|E o]&3 pin-hole Edo] dt}. Translation
method:= 7HelEbE B &sHA viA|stal Y AAE G5t dF2 7]eHste

o] &3l FogHolt}, E AFo|ME pin-holeRES o] 83 FIWS &89

=

X X X

[4x4] | V| = Yl = | YT (2.24)
z z )//
1 1 y==

Fig. 2.21& Tomographical Method% pin-hole ®E7|ute] wWAHS YeEA
o A 3ake SRl M) Fdemiy U WWAHE g (X ¥V, 7 ;)

2 AE QA5 2490 Al (D AAY WA 249 0w gR

7 ot BAE A(2.25)% JJERA 4 gt}

(x , ¥,

(2.25)

i J J J

I (v o= Z wE(X, Y. Z,)
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o o 0 <w . < 19 @& 7KKt Fig. 2.22¢ 23 9Eo

e
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g S o) &3k AR} AFAAHES ARTH (Algebraic Reconstruction Technique)

I} MART®H (Multiply Algebraic Reconstruction Technique)©] $1ow ARTH-&

28



Axte] w1 W (Al 22 el AA#G ArE kel A5 o] &8ss WHolH,
21(2.26) 0.7 el ¥ 4= Q.

ART = E(X Y, 7 )+

](X[7y 1')_ 4 ,WI',J'E(XJ"Y/"Z/)/(
:E (X/', YJ‘7Z J‘) k+LL JEN WI‘./'
> oW,
JEN
(2.26)
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Fig. 2.21 Pin-hole method
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Fig. 3.6 Vorticity of Tomo PIV in particle number (PN)-50000

Fig. 3.7 Vorticity of Volume PTV in particle number (PN)-50000
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Vorlicity Magnitude: 0.005 0.04 0.075

Fig. 3.8 Vorticity of Tomo PIV in particle number (PN)-50000 (XY Plane)

“orticity Magnitude: 0.01 0,06 D.11 016

Fig. 3.9 Vorticity of Volume PTV in particle number (PN)-50000 (XY Plane)
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Fig. 3.10 Vorticity of Tomo PIV in particle number (PN)-50000 (YZ Plane)
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Fig. 3.11 Vorticity of Volume PTV in particle number (PN)-50000
(YZ Plane)
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Vorticity Magnitude: 0.005 004 0075 |

Fig. 3.12 Vorticity of Tomo PIV in PN-50000 (XZ Plane)

“orticity Magnitude: 0.01 0,06 D.11 016

Fig. 3.13 Vorticity of Volume PTV in PN-50000 (XZ Plane)
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Synchronized Laser System

Camera System

Fig. 4.1 Experimental apparatus

Fig. 4.2 4-Camera System
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Fig. 4.4 Instantaneous vector field in Tomo PIV

Fig. 4.5 Instantaneous vector field in Affine Transformation Volume PTV
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Fig. 4.8 Tomo PIV in XY plane

Fig. 4.9 Affine Transformation Volume PTV in XY plane
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