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Abstract

An x-ray PIV (Particle Image Velocimetry) technique was developed to measure quantitative information
on flows inside opaque conduits and on opaque-fluid flows. At first, the developed x-ray PIV technique was
applied to flow in an opaque Teflon tube. To acquire x-ray images suitable for PIV velocity field
measurements, refraction-based edge enhancement mechanism was employed using detectable tracer particles.
The optimal distance between with the sample and detector was experimentally determined. The resulting
amassed velocity field data were in reasonable agreement with the theoretical prediction. The x-ray PIV
technique was also applied to blood flow in a microchannel. The flow pattern of blood was visualized by
enhancing the diffraction/interference-based characteristics of blood cells on synchrotron x-rays without any
contrast agent or tracer particles. That is, the flow-pattern image of blood was achieved by optimizing the
sample (blood) to detector distance and the sample thickness. Quantitative velocity field information was
obtained by applying PIV algorithm to the enhanced x-ray flow images. The measured velocity field data
show a typical flow structure of flow in a macro-scale channel.
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Fig. 1 Schematic diagram of experimental setup for the
x-ray PIV measurements

21 AEAER ¥ 7A
X-ray PIV 7| 7etel Qlo] sjAslojof sl &
A Fo shtes xd 471 PIV 7IHE F A
ol] TEEE 24 AAS /‘4246}-"‘ o]} X-ray

PIV & FHUYA] a5 E *} < o033 gk

WA, xBTS ABeGE o ARE xd
YAGFe AZselof shol, m}w xiel o
A FAAL AASk Bk ag; A 45

alA FFAJol Fdtojol ity £ Oj:r“)ﬂ’ﬂ"
oAb 2719 E A A(polystyrene) VA, FEl T
Z(glass bead), " A 71%E, Z2]9(polymer) U,
2] (alumina, ALO;) YA 5 HlFez F34
UAzAY AGHE AEE 23, 2T A
2 w4,
gFuu Gate xdd g8 ¥ 4F
o} dubd oz xdd o3 2
daMEs o 24 Hud g 4R
FE kA ok vk aeu 2 A4
EALe] EZo A, &A UF Ho}
oA xdg& JEtAl =W EFd 2H ¥
FhEelde FrIE0] AR FEHE 4
A #oh 131 x’\‘j"’ﬂ A=A e %
oy

Fl

ol %\‘7“ s °LEU]L¥ A 2t 73—?— ol2lg w
goke SHA xMdl dis)
T Avh =9, v 4
FrEg 7MY, ZARR
TETOEH D]'re: i

st} J\ﬂ.]_ ABEZ 1 CCD ﬂuﬂa} *}OH 7%?4
g 2AgozH dFu AXAGE A 5 9
T2 Adz24L FH3E st



1184 2= -

w77 opS1

Fig. 2 Raw x-ray image of alumina particles inside an
opaque Teflon tube
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Fig. 3 Ensemble-averaged streamwise mean velocity
field
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Fig. 4 Amassed velocity distribution for a circular pipe
flow
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