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= A key issue for safety studies of steam
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+ Overheating rupture phenomenon
Material deterioration by the reaction heat of the
sodium-water reaction
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Experimental results
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Macro PIV & Micro-PIV

Macro PIV Micro PIV
El Objective lens
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= D=100 =
2 | B0 = et
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~1mm thickness

 Thin laser sheet illumination
* Less image background noise

Measurement volume Object plane
[DOF dz=~7 pm Focal plane]
«DOF (depth of field)

*Same image evaluation with macro PIV.
+Volume illumination.
--- Higher background noise.
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Micro-PIV flow visualization system:

Water immersion

Water Container  OPiective lens

High speed
camera —»
Color filter — i Microscope
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Micro tube CW Laser
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Mirror
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Laser beam
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@ Objective lens
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Only the particles which are located in DOF
contribute the image cross-correlation

Measurement volume
Depth Of Field z=~7 uym

Basic concept

A particle moves in the DOF

->diameters and intensities changes

due to the out-of-plane velocity

(as a function of the distance from the focal plane)

Objective lens|
Object plane (Focal plane)

Iﬁz
Depth-Of-Field
Particle
images Far away from the focal plane

->larger diameter and dimmer
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Meinhart et al. (2000) Meas. Sci. Tech.:809-814
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In a series of time sequential micro PIV particle images,
Calculating CC between reference image and the backward / forward images
The peak height value of CC changes

@ ot e e i)

[

52 Depth- of —field (DOF) Iﬁz

Lo Lo L L Lor Loz Ts Lo La I L L
oY =)
[ C

CC- CC =L@ Ls «©

oW out-of-plane velocity:
ow CC gradient

lane veloci

Synthetic micro PIV images were used to
clarify the effect of depth-wise velocity on
the CC peak amplitude

Particles doesn’t move and only intensities
and diameters are changing
due to the out-of-plane velocity.

Particles have 3-component velocity

vand v
removed

>

Normal PIV evaluation

g have been applied

-> in-plane components
§ were eliminated

-> deformed images
are regenerated

i B7
muilation re
A quantitative value for the CC variation :
to construct a relation with the out-of-plane
displacement at a spatial position
Least square linear curve fitting was applied
Time gradient of the CC function was calculated
“
m —C,,
Eoas dac,,, Jdv = -0.044
(L EPS<0.0008
" EPS=Y[y, - (ax +b)]’
(3] 5
b B 57 WU S S N S S AR B
image (1)
. ii i .‘ﬁ Satos! somi A

Time sequential micro-PIV synthetic images:

eMagnification M=40,

sEmitted light wave length A=575nm
eNumerical aperture NA=0.8
eParticle diameter d,=1.0 um
eDepth-of-field (DOF) dz= 7.1pm

3C(u,v,w)

u=4.5pixels (constant)

v=0 pixel(constant)
w=Az(changing parameter)

I i i i 'na Satoshi SOME-YAI

WxH = 512x512 pixels

Cross-correlation (CC) vs. image # (1)

Jauto-correlation|

#0 imege was taken as a reference image
and correlated with 11 images

CC peak height changed vs.
image number at a certain position .

CC curve has different slope
for different out-of-plane velocity

Az : out-of-plane displacement
0z : DOF

image (1)

A linear relation was constructed
between the CC gradient and 0.00
displacement ratio. a0t

0.08

If the out-of-plane displacement
in one interframe time interval is
less than 10% of DOF,

012

o ]

0.20 CC gradient evolution with respect to Az/5z

out-of-plane component can be +H L
detected with a certain accuracy, ¥ ** Az : out-of-plane displacement.
applying linear curve fitting to CC ¢ ** bt} OZL DOP Aot
curve at every spatial position. T an ]
This linear equation was applied 040
for analyzing real micro-flow field. 044 s D O !
040
T T T
000 002 004 0.06 008 010 042 0.4 0.6 008 020 0.2
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Experimental setup

Enlarged test section
Water containgr glass

N

High speed
camera

Color filter— Syringe pump.

Microscope mirror

Syringe
pump p

~ Laser beam wedge Laser bean ($32um
« Microscope stage
N

Micro fube

60x objective lens, NA=0.9

Photron APX RS 512kx512k@6kHz Tube is inclined to the stage to obtain

out-of-plane displacement in 2D flow images.

Diameter:100 micro-meter, FEP round tube

Working fluid: water with 1 micron particles Magnitude of the depthwise velocity can

be calculated analytically.

w: depthwise velocity, u: in-plane velocity

— —

Experimental Results

Cross-correlation (CC) versus image # (t)

- .

Cupee

oy =075 |
| yN =05 |
Az : out-of-plane displacement
6z : DOF

4 3 2 4 0 1 2 3 4 5 8

image (1.,

CC peak height variation is presented at two different spanwise positions
at which flow have different depthwise velocities.

T XY 1.7 7 7 PO ~.cobon|

[ 3C velocity measurement in micro-scales |

>> depthwise
Limitations & Uncertainty

There are biases near the center axis
due to high depthwise velocity
«High background noise reduces the accuracy
<There is a trade-off between particle density
and background noise
«The noise reduces the deductibility/contrast
of the variation of intensity and diameter

Velosity{mmis)

Uncertainty:
@y=-0.017, w=-1.8mm/s, o= 0.58 mm/s

2
1
o
Bl
2
El
4
5
-
a
-
aw=~0.31=>~31% relative error k4
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406 085 404 -003 -00Z 001 O DO1 002 D03 004 005 008
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w,,: Mean depthwise velocity with standard deviation
W,, : Analytical depthwise velocity

— -

Flow movie

Inclination angle o=9°
Flow rate Q= 3 pl/min
Reynolds number Re=0.3

512x512 @6 kHz
Particle intensities and diameters

are changing due to
the out-of-plane displacement.

3C velocity measur:

in micro-scales _>> In-plane

Measured mean in-plane velocity &
Analytical in-plane velocity
along a spanwise position

Measured mean in-plane velocity " p—
vector map (u,0,0) " i) -
-> Hagen-Poiseuille flow “f
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CO, Concentration in the Ocean  Dissolution of Shell in pCO, of 2000 ppm
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Emissions
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o 2000 ppm
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(Shirayama, unpublished)

Year

(Caldeira and Wickett, 2003)
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Prediction of Atmospheric pCO, Change
— T
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(Hoffertet a. 1677)
P

1 Middle Depth : 1,000m~2,500m where p(LCO,)< p(seawater)

«—Direct Injection into ocean /
Enhancement of natural process
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