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Radiography
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2. Experimental apparatus



Nuclear Reactor

Nuclear reactor KUR (B4 port)

Thermal output 1 MW(Max:5MW)

Neutron flux 1% 10" n/cm?s(Max:5 % 10" n/cm?s)

Typical spectrum 1.2 A

Guide tube length 11.7 m

Guide tube

_ 10(D) x75(D’) mm
cross section




Imaging System

CCD camera

“ZNSL-L100-AL1016”

Converter (CHICHIBU EUJI co., Itd.)
Lens “APO MACRO 180mm F3.5”
(SIGMA corporation)
“PIXIS 1024B”
CCD camera (Princeton Instruments)

Imaging array : 1024 X 1024 pixels




Experimental Apparatus
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Experimental Apparatus
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Experimental Apparatus

I.D.
3,5,10mm
Tout
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Condition 1 Condition 2 | Condition 3 | Condition 4
D; =5mm D; =5mm D; =5mm D; =5mm
L =1000mm | L =1000mm L =400mm L =400mm
p. [MPa] 0.3 0.3~0.8 0.30~0.4 0.3~0.8
G [kg/m?s] 300 600 300 450
q [kW/m?] 78~242 168~497 198~604 296~905
T;, [deg.C] 80 80 80 80
Xeq ex 0.00~0.18 0.00~0.12 | -0.01~0.165 | -0.01~0.16
Condition 5 | Condition 6 | Condition 7 | Condition 8 | Condition 9
D; = 5mm D; =5mm D; =5mm D; =3mm D; =10mm
L =400mm L = 400mm L =200mm L = 400mm L =400mm
0.3~0.6 0.3~0.7 0.3~0.5 0.3~0.6 0.3~1.1
600 1000 600 1000 300
419~1224 680~1700 810~2441 461~1249 421~1233
80 80 80 80 80
-0.01~0.13 | -0.01~0.08 | -0.01~0.15 | 0.00~0.14 0.00~0.09




Experimental Apparatus

LD. Condition 1 Condition 3 | Condition 4
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q[kKW/m?] | 78~242 168~497 198~ 604 296 ~905
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Xeq_ ex 0.00~0.18 0.00~0.12 -0.01~0.165 | -0.01~0.16
400,
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D; = 5mm D; =5mm D; =5mm D; =3mm D; =10mm
L =400mm L =400mm L =200mm L =400mm L =400mm
i 0.3~0.6 0.3~0.7 0.3~0.5 0.3~0.6 0.3~1.1
=0 600 1000 600 1000 300
Electrode
£l . 419~1224 680~1700 810~2441 461~1249 421~1233
ectrical
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— D.P. Cell
= Tin -0.01~0.13 -0.01~0.08 -0.01~0.15 0.00~0.14 0.00~0.09
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Radiography
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3. Measurement error



Measurement Error
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Measurement Error
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Measurement Error
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Measurement Error
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Measurement Error
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4. Experimental results
*Upward flow



Void fraction (5m m) Thermal output : IMW Exposure : 20s

I.D.=5mm

L=1000mm
G=600kg/m?s

p=0.4MPa G=600 kg/m’s T;=80 deg.C
1l

—Bowring(1962)

—Dix(1971)
Kroeger-Zuber(1968)

1 —Lahey(1978)

i Lavy(1967)

| —Sekoguchi(1967)

-=-=--Homogeneous model

-==-Drift flux model
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llllllllllllllll lllll 11 1 1 11 1 1 11 1 1

-0.2 015 01 005 0 0.05 Ol 015 0.2
Xeq




Void fraction (5mm)

Thermal output : IMW Exposure : 20s

L=1000 mm

p=0.4MPa G=600 kg/m°s T;,=80 deg.C
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Point of net vapor generation
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Point of net vapor generation
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4. Experimental results

Downward flow



Downward flow (5mm)
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Experimental Apparatus -Downward flow-

Reserver tank @

Steam return  yj1ve

Relief valve

—cy

t >

Condenser
Water return \;%lve
Heater

P

Test section lé

Condenser
=1

Experimental condition

Roter-meter|. ... :
L~ / :t_f —— D.P.Cell
Pump,\\) DC Power
_® [?] /
Valve X |

Turbine flow mater
® Pressure gage @ Thermocouple

. Upward
Flow direction
Downward

Working fluid Water

P, MPa 0.3

D mm 10

L mm 400

G | kg/m?s 50, 100
Xeq.ex - 0.00, 0.05, 0.10

T.,, | deg.C 80
Exposure S 20

time




Void fraction (10mm) Thermal output : IMW Exposure : 30s
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Void fraction (10mm) Thermal output : IMW Exposure : 30s
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Void fraction (10mm)

Thermal output : IMW Exposure : 30s

D;=10mm L=400mm p,=0.3 MPa

G =50 kg/m?s X e = 0.10
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4. Experimental results

*Oscillatory flow



Introduction (Oscillatory flow)
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Experimental Apparatus (Oscillatory flow)

p>0.55 MPa
In —= ><F—
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Experimental Apparatus (Oscillatory flow)

D.P. Cell=—

Tnut | mem—

Electrode

1000
100X9

Electrode

Electric
insulation

|
L.P,

Cel_]

Tin

Electric
insulation

Specification of Test Section

Material SUS304
Inner diameter D, 5.0 mm
Outer diameter D, 5.3 mm
Heated length L 1000 mm
Time constant z,, 0.42s

Experimental Conditions

System pressure p, 0.3 MPa
Inlet temperature T;, 60 deg.C
Steady mass flux G, 300 kg/m?s
Oscillation period 7 2S 4s 65
Relative oscillation amplitude SIS
AG/G 1.0 1.0 1.0
0 1.5
CHF temperature Tqe 233.5 deg.C




Imaging Devices (Oscillatory flow)

Dark box (Single mirror)

High speed camera Image intensifier
Motion Pro Y4 Hamamatsu MCP

Relay lens Telephotographic lens
Hamamatsu A4539 105mm Nikon
Micro-Nikkor




Radiography Image (Oscillatory flow)
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Specification of Images

Electrode
Spatial resolution 0.081 mm/pixel
I l Exposure time 33 ms
D.P. Cel_
T.= Number of integrated images 30
Flame rate 30 fps




Experimental Results (Oscillatory flow)
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Experimental Results (Oscillatory flow)

P.,=0.3 MPa G,=300 kg/m?s T, =60 deg.C
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Experimental Results (Oscillatory flow)

P.,=0.3 MPa G,=300 kg/m?s T, =60 deg.C
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Summary
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Nuclear Reactor
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