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Experimental Determination of Thermal Conductivity and Gap Conductance

of Fuel Rod for HIGR

Teruo KIKUCHI, Kazumi IWAMOTO, Katsuichi IKAWA' and Kiyoshi ISHIMOIO

Department of Research Reactor Operation, Tokal Research Establishment, JAERI

( Received December 14, 1984 )

The thermal conductivity of fuel compacts and the gap conductance
between the fuel compact and the grgphite sleeve in fuel rods for a high-
temperature gas—cooled reactor (HIGR) were measured by the center heating method.
These measurements were made as functions of volume percent particle loading
and temperature for thermal conductivity and as functions of gap distance and
gas composition for gap conductance. The thermal conductivity of fuel
compacts decreases with increasing temperature and with increasing particle
loading.  The gap conductance increases with increasing temperature and
decrease with increasing gap distance. A good gap conductance was
observed with helium fill gas. It was seen that the gap conductance was
dependent on fhe thermal conductivity of fili gas and conductance by radiation
, and could be neglected the conductance through solid-solid contact points

of fuel compact and graphite sleeve.

Keywords: Thermal Property, Thermal Conductivity, Gap Conductance, HICR,

Fuel Compact, Fuel Rod
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Table 3 Characteristics of graphite/carbon matrices

Designation of sample NCG10 NCG20 - P2N810 P2N820
Quter diameter (mm) 36.51 35,77 36.48 35,81
Inner diameter (mm) 18.15 17.81 18.16 17.85
Length (mm) 34,95 36.12 34,80 35.84
Weight (g) 45,62 44.58 45.60 45,06
Geometrical density (g/cm3) 1..66 1.63 1.67 1.67
Binder Phenol formaldehyde resin
Binder content (wt %) 10 20 10 20

' Needle coke Petro}eum coke
Graphite powder raphite graphite and

grap natural graphite

Heat treatment temperature (°C)

1800

Table 4 Characteristica of graphite powder
Graphite Needlse cokc'grapﬂite Patroleum coke graphita Natu?al graphite
Crystallite size |
Le R 420 620 1500
Crystallite mize
La i 1300 1700 is00
002 4 s;;acing b\ 3.37 3.37 3.38
Median particles size
jm £ 20 <20 < 20
Denl_ity Real 2.20 2.15 2.25
g/cn’ Bulk 0.70 0.69 0.66
Spécific surface :
area mz/q 7.9 1.2 7.1
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Table 5 Characteristics of IG-11 graphite
Bulk density (g/cm®) 1.78
Real density (g/cm3) 2.15
Hardness 53
Tensile strength (kg/cm?) 236
Bending strength (kg/cm?) 373
Compressive strength (kg/cm?) 802
Young's Modulus (kg/cmz) 1035
Poisson's ratio 0.11
C.T.E. (107%/°x) 4 .64
Electric resistivity (puQem) 1073
Anisotrepic ratio 1.04

Ash 23

B <0.1

Impurity e <50

(ppm)
Ti <20
A <5
Table 6 Heat transmission correction factor
K f, f.

673 0.96 0,79
773 0.96 0.79
873 0.97 079
973 0.96 0.79
1073 0.96 0.78
1173 0.96 0.7 6
1273 0.94 0.76
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Table 8 Gap distance between fuel compact and graphite sleeve
at high temperature

Fuel compact Graphite sleeve
2d
Tempeﬁ?ture Diameter Temperature Inner Gap distance
a . at diameter
surface (zm) inner surface (xm) (zm)

() (K)

293 17.970 293 - 18.130 0.160
1031 17.991 948 18.183 0.192
1156 17.997 1064 18.194 0.197
1265 18.002 1162 18.203 0.201
1386 18.008 1270 18.216 0.208
1475 18.015 1377 18.224 0.209
1647 18.021 1503 18.237 0,216

Table 9 Heat conduction by radiation in VIF-11H capsule

Temp:x;ature Tempzzature T_emperature . A B .

suctace of | imer surface (TR ) | N ien A | A7
( K) sleeve { K ) (W.cm-1)| (Weem- 1) (W. cm~ 1)
1031 948 83 41.2 13,8 0.335 27.4
1156 1064 92 49.6 21.6 0.436 2 8.0
1265 1162 103 6 2.8 316 0.50 4 31.2
1304 1208 96 59.3 32.7 0.551 2 6.6
1386 1270 117 74.6 46.7 0.626 27.9
1475 1377 98 70.3 488 0.6 9 4 21.5
1495 1365 129 8 7.2 6 5.4 0.749 21.8
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Outer isotropic
pyrolytic carbon

Silicon carbide
o

Inner isotropic
pyrolytic carbon

B Bkt

Buffer pyrolytic
carbon

- Fuel carvel, W0

Fig. 1 Cross section of coated particle

Side view End view

Fig. 2-a Fuel compact used for ex—reactor experiments
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Fig. & Cross section of fuel compact for ex-reactor experilments

Fig. S Cross section of fuel compact for irradiation experiments
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Fig. 7
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Fig. 8 Outer view of thermal Fig. 9 Temperature control unit and

conductivity measurement apparatus electric instrument
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Fig. 12 Fuel compacts and graphite sleeve packed into ViF-11H capsule
°3r
3—-——'""_"-—-‘-'—?“'
®or,
i 27
~
T
: =~ > Qo)
?Bﬁ 2
Ta
il \
L \Grcphﬁe
Tantalum Fuel compact
heating rod BN Graphite

Fig. 13 Tdealised temperature profile across fuel compact and graphite
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g

Qp
)
>
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BN Graphite Graphite
Fuel compact
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Fig. 14 Thermal transport in real specimen
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Fig. 19 Thermal conductivity of graphite/carbon matrices.
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Fig. 20 Thermal conductivity of fuel compacts versus temperature showing

variation with coated particle loading and graphite/carbon matrix.

( Ex~reactor experiments )
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Fig. 21 Thermal conductivity of fuel compact derived from irradiation in

Y1F-11H capsule.
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Fig. 22 Thermal conductivity of fuel compacts derived from irradiation

in V1F-16H and VIF-24H capsule.
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