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Measurement of Heat Transfer Properties of HIGR Fuel Pin by Capsule
Irradiation ( I )

Teruo KIKUCHI, Kazumi IWAMOTO and Katsuichi IKAWA

Division of Nuclear Fuel Research, Tokal Research Establishment, JAERT

( Received .Sept_Ember 2, 1982)

Thermal conductivity of fuel compact and contact thermal conductance
between fuel compact and graphite sleeve for HIGR were studied by capsule
1rrad1atlon. Fuel rod of reduced size was irradiated 1n JRR-2, VI-1 hole
in the temperature range of 700 to 1400 °C and the ten'perature gradient in
the fuel campact amd at the fuel conpact—-graphlte sleeve interface was
measured. " From these values and estimated lJ.near heat rate of fuel
pin, the thermal conductivity of the fuel compact and the contact ‘thermal
conductance were calculated. In this temperature range, the thermal
conductivity of the fuel compact is 0.13 to 0.18 W o K land the contact
thermal conductance is 0.07 to 0.12 W am 2K L. It is found that the
prediction of contact thermal conductance by the semi~experimental equation
for light water reactor allows a relatively good description of that for HIGR.

Keywards; HIGR, Fuel Compact, Coated Particle, Capsule, Iradiation,
Heat Transfer . Property, Thermal Conductivity, Contact
Thermal Conductance
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Table 1 Characteristics of fuel compacts
Lot No, TTFPTC
Dimensions Diameter 1798
{ mm ) Length 138.0
Weight (g) 11.1
Geometrical density {g/cm? ) 252
Coated particle Table 2
Coated particle loading density (%) 30

(Graphite powder

Natural and petroleum
coke graphite

Binder _ Phenol resin
Content of binder resin { %) 20
Density of matrix (g./cm? ) 1.7
Exposed U fraction 9x10 —5
Table 2 Characteristics of coated particles
Lot No. T7FPTCF
Chemical form U,
Enrichment (% ) 4.0
Kernel Diameter (A m ) 5916
Density ( %TD ) 95.6
0./U ratio 200
M aterial PyC
1st -
layer Thickness ( pm} 506
Density (g/cm?) 1.13
Material PyC
Znd
5 Thickness (pm ) 28.5
layer
' Density (g/cm3 ) 1.85
Coating Material SiC
3rd :
layer Thickness {(#m) 24.4
Density (g-cm3) 3.21
Material PyC
4th - ( :
layer Thickness £ m 428
Density (g/cm ?) 1.81
Coated particle Diameter { #m ) 901.1
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Tadle 3 Gap distance between fuel compact and graphite sleeve

Fuel compact Graphite Sleeve 2d

Surface Surface Gap distance

diameter {mm) Inner diameter (mm)

temperature (°C) temperature (°C) (mm
20 17.870 20 181390 0,160
757 17.991 675 18183 0.192
883 17,997 701 18194 0.197
992 18002 8§89 18203 0,201
1113 18.008 997 18218 0.208
1202 18015 1104 18224 0.209
1374 18021 1230 18237 021686

Table 4 Heat condution by radiation

Surface Inner surface, Temperature A B

temperature |temperature |difference Linear heat [Heat conduction B A—B

of fuel of graphite |in gap (K) |[rate by radiation A

compact (K| sleeve (K) (W em-*)| (Wcem-1) (W ecm-1)
1031 948 83 41.2 13.8 0.335 2 7.4
11566 10614 92 4 9.6 21.6 0.436 2 8.0
1265 1162 103 § 2.8 3 1.6 0.504 31.2
1304 1208 96 59.3 32,7 0.6551 26.6
1386 1270 117 74.6 4 6.7 0.626 279
1475 1377 98 70.3 4 8.8 0.694 215
1495 1365 129 87.2 6 5.4 0.749 21,8
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Table & Radiation conductance hr
Temperature “Radiation conductance , hr

(K) (W cm °K™h

9489 0.029
1,110 0.0 41
L213 0.0514
1,256 0.0860Q
1,328 0.070
1,426 0.0 8 8

.Table 6 Temperature jump distance, &,+ g,

Temperature Temperature jump distance,

(K) gteg,  (cm)

989 3.91_><1o‘5
1,110 3.98x107°
1,213 4.02x107°

1256 4.03x 1075
1,328 408x10°°
1,4 2 6 411x107°
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Table 7 Thermal conductivity of gas mixture, kg and gap conductance. hg .

Thermal conductivity GGap conductance
Temperature

0 of gas mjxture, hg (Wem™ K™ )
kg (W em™" K71)

989 537x107* 0.056

1110 579x107° 0.059

1213 6.15x10°° 0.061

1256 6.32x10"" 0.061

1328 6.56x10 * 0.063

1426 g.90x10"" 0.0 64

Table 8 Sum of gap conductance . hg and radiation conductance . hr

Temperature hg + hr
(K (Wem™ K71 )
716 008D
827 0061
940 0.115
983 0.121
1055 0133
1153 0.1562
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Fig. 3 Graphite sleeve and Fuel compacts

Fig, 4 Cross section of fuel compact
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Fig.15 Temperature difference in gap and contact thermal conductance
in JRR-2-03 reactor cycle
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Fig.l6 Temperature difference in gap and contact thermal condactnace
in JRR-2-04 reactor cycle
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Fig.17 Contact thermal conductance between graphite sleeve and fuel
compact filled with He : Ar (1 : 9 vol) gas mixture



