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ABSTRACT

This study presents a CRUD modelling to simulate the thermal resistance behavior of CRUD, deposited on
the surface of a cladding tube of a fuel assembly. When heat produced from fuels transfers to a coolant through
a cladding tube, the CRUD acting as an additional thermal resistance is expressed as two layers, i.e., a solid oxide
layer and an imaginary fluid layer, which are added to the experimental tube’s heat structure of the MARS-KS
input data. The validation calculation for the experiments performed in UNIST-DISNY facility showed that the
center and surface temperatures of the cladding tube increased as the porosity and the steam amount inside pores
of the CRUD got higher. In addition, the temperature gradient in the imaginary fluid layer was calculated to be
larger than that in the solid oxide part, indicating that the steam amount inside the layer acted more largely as
thermal resistance. It was also evaluated through sensitivity calculations that the cladding tube temperature was

more sensitive to the CRUD porosity and the steam amount in pores than to the inlet flow rate of the coolant.
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Fig. 1. Schematic diagram of primary system of UNIST-DISNY test facility.
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Fig. 2. Sequence of CRUD heat transfer test.
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Table 1. Empirical correlations of thermal conductivity and heat capacity for CRUD oxides

Component Thermal conductivity Heat capacity
_ 3 2 (12) .
o :: 1”01;’: f(;j ;g;g;g?:f;?q G =a+bT+CT+dT *+eT '+ T, [Imol-K]"
c::O'O 1839, d=5.54537 ’ a=514.27, b=0.39759, ¢=3.4982x10”°, d=5,035,500, e=-68,525, f=-24.001
G =a+bT+CT*+d T +eT", [J/gK]"”
range 298~823 K 923~1,373 K
-1.206 -6.567
. k=1/(aT+b), [WmK]™ a % %
NiFe,0, A ATIX10 . b2 75 1x 107 b 1.141x10 3.254x10
’ c -2.495x10°° -5.058x10°
d 2.461x10® 3.330x10°
e -8.873x10™"? -7.914x10"
G =a+bT+CT*+d T*+e¢/T?, [J/mol-K]"
range 298~900 K 900~3,000 K
b= 1/ (T 8), [Wimek]™ a 104.2096 200.8320
Fe;04 =3.40021x10° b=0.14474 b 178.5108 1.586435%107
’ c 10.61510 -6.661682x10*
d 1.132534 9.452452x10°
e -0.994202 3.186020%10°®
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Table 2. Parameter values for validation calculation

Experimental variable value
Pressure 15.5 MPa(a)
Inlet temperature 608.15 K
Inlet flowrate 1.1 kg/s

Heat flux 0.0 ~ 1,300 kW/m'-s
CRUD thickness (tcrup) 5.0 um
Porosity (p) 0.3

Steam quantity in the pores (g)| 0.1 ~ 0.9

Fraction of solid oxide
component

NiO : NiFCzO4 : FC304 =
0.75 : 0.1
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Fig. 5. Temperature variation with CRUD model.
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Table 3. Calculation matrix for sensitivity calculations

Variable Range Base case
Porosity, [-] 0.1~0.9 0.5
¢ value, [-] 0.1~0.9 0.5
Inlet flowrate, [kg/s] 0.7~1.5 1.1
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