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Fuel Coolant Interaction Experiment by Direct Electrical Heating Method

{ Zr0, - Hz0 system )
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In the PCM ( Power Cooling Mismatch ) experiments, the FCI ( Fuel
Coolant Interaction ) test is one of necessary tests in order to predict
various phenomena that occur during PCM in the core. A direct electrical
heating method is used for the FCI tests for fuel pellet temperature of
over 1000°C. Therefore, preheating is required before initiating the
direct elecffical heating. The fuel pin used in the FCI tests is typical
LWR fuel element, which is surrounded by coolant water. It is undersirable
to heat up the coolant water during preheating of the fuel pin. Therefore,
a zirconia ( Zr0; ) pellet which is similar to a UQ; pellet in physical and
chemical properties is used. Electric property ( electric conductivity )
of Zr0, is particularly suitable for direct electrical heating as in the
case of UOz. In this experiment, ZrQO, pellet ( melting point 2500°C )
melting was achieved by use of both preheating and direct electrical heating,
Temperature changes of coolant and fuel surface, as well as the pressure
change of coolant water, were measured. The molten fuel interacted with
the coolant and generated shock waves. A portion of this molten fuel
fragmented into small particles during this interaction. The peak pressure
of the observed shock wave was about 35 bars. The damaged fuel pin was
puvtographed after disassembly. This report shows the measured coolant
pressure changes and the coolant temperature changes, as well as photographs

of damaged fuel pin and fuel fragments.

Keywords: Power Cooling Mismatch, Fuel Coolant Interaction, Direct
Electrical Heating Method, Shock Wave, LWR Fuel Pin,
Defect Fuel Pin, Fuel Pellet Melting, Fragmented Fuel Particles.
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Photo. 1  Test Piece of Run 20]

Photo. 2 Test Piece of Run 202
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Photo. 4  Test Piece of Run 205
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Photo. 8 Test Piece of Run 301
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Photo. 9 Test Piece of Run 302
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Photo.10 Test Piece of Run 303
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Photo.11 Test Piece of Run 304
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Photo.12 Test Pjece of Run 305

Photo.13 Test Piece of Run 306
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Photo.14  Test Piece of Run 307

Photo.15 Test Piece of Run 308
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Photo 16
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Photo.17 Fuel Pin of Run 204
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Photo.20  Fuel Pin of Run 209
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Photo.?21 Fuel Pin of Run 210
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i Photo.22  Fuel Pin of Run 301
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. Photo.24  Fuel Pin of Run 303
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Photo.25  Fuel Pin of Run 304
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Photo.26  Fuel Pin of Run 305
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Photo.27 Fuel Pin of Run 306
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Photo.28  Fuel Pin of Run 307
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Fuet Pin of Run 308
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Photo.30 Outer Shell of Run 205

Photo. 31 Quter Shell of Run 209
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Photo.32 Quter Shell of Run 304

Photo.33 Quter Shell of Run 306
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Photo.34  Quter Shell of Run 307

Photo.35 Quter Shell of Run 308
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Fuel Pin of Run 201 ( enlarged )

Fuel Pin of Run 202 ( enlarged )
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Photo.38 Fuel Pin of Run 204 ( enlarged )

Photo.39  Fuel Pin of Run 205 { enlarged )
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Photo.40 Fuel Pin of Run 208 { enlarged )

Photo.41  Fuel Pin of Run 209 ( enlarged )
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Photo.42  Fuel Pin of Run 210 { enlarged )
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Photo.43  Fuel Pin of Run 303 ( enlarged )
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Photo.44  Fuel Pin of Run 304 ( enlarged )
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Photo.45  Fuel Pin of Run 305 { enlarged )

Photo.46  Fuel Pin of Run 306 ( enlarged )
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Photo.47 Fuel Pin of Run 307 { eniarged )

Photo.48  Fuel Pin of Run 308 ( enlarged }
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Photo.50 Fragmented Fuel Particles of Run 204
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Photec.51  Fragmented Fuel Particles of Run 205

Photo.52 Fragmented Fuel Particies of Run 303
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Photo.53 Fragmented Fuel Particles of Run 209 (€100 mesh )

Photo.54 Fragmented Fuel Particles of Run 209 { 60~100 mesh )
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Photo.55 Fragmented Fuel Particles of Run 209 { 32~ 60 mesh )

Photo.56 Fragmented Fuel Particles of Run 209 (> 32 mesh )
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Photo.57

Photo.58

Fragmented Fuel Particles of Run 304 { 100 mesh )

Fragmented Fuel

Particles of Run 304 ( 60~100 mesh )
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Photo.59 Fragmented Fuel Particles of Run 304 ( 32~ 60 mesh )

Photo.60 Fragmented Fuel Particles of Run 304 { > 32 mesh )
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Photo.61 Fragmented Fuel Particles of Run 305 ( <100 mesh )

Photo.62  Fragmented Fuel Particles of Run 305 { 60~100 mesh )}



JAERI~-M 8035

Photo.63 Fragmented Fuel Particles of Run 305 { 32~ 60 mesh )

Photo.64 Fragmented Fuel Particles of Run 305 ( > 32 mesh )
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Photo.65 Fragmented Fuel Particles of Run 306 ( <100 mesh )

Photo.66  Fragmented Fuel Particles of Run 306 ( 60~100 mesh )
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Photo.67 Fragmented Fuel Particles of Run 306 ( 32~ 60 mesh. )

Photo.68 Fragmented Fuel Particles of Run 306 ( » 32 mesh )
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Photo.69  Fragmented Fuel Particles of Run 307 { <100 mesh )

Photo.70 Fragmented Fuel Particles of Run 307 { 60~100 mesh )
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Photo.71  Fragmented Fuel Particles of Run 307 ( 32~ 60 mesh )

ohoto.72 Fragmented Fuel Particles of Run 307 { > 32 mesh )
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Photo.73  Fragmented Fuel Particles of Run 308 { <100 mesh )

Photo.74  Fragmented Fuel Particles of Run 308 { 60~100 mesh )



JAEBRI-M BO3S5

W "1'?;'55
i

i
L
\)5@%‘%\\ "‘?\'\'. "6 "
L

\H%}..la L
0 2 ﬁ%_{"-%\s‘
S

Photo.75 Fragmented Fuel Particles of Run 308 { 32~ 60 mesh )

Photo.76  Fragmented Fuel Particles of Run 308 { » 32 mesh )
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Photo.77 Fragmented Fuel Particles of Run 209 ( enlarged, »32 mesh )

ot

Photo.78 Fragmented Fuel Particles of Run 304 { enlarged, >32 mesh )
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Photo.79 Fragmented Fuel Particles of Rum 305 ( enlarged, >32 mesh )

Photo.80 Fragmented Fuel Particles of Run 306 ( enlarged, >32 mesh )
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Photo. 81 Fragmented Fuel Particles of Run 307 { enlarged, »32 mesh )

Photo.82 Fragmented Fuel Particles of Run 308 ( enlarged, »32 mesh )
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Photo.83 Disassembled Fuel Pin of Run 301
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