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Optimization for the Nuclear Fuel Irradiation Capsule under
Thermal Loading

Young-Jin Choi, Young-Shin Lee, Young-Hwan Kang and Joong-Woong Lee
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Abstract

During fuel irradiation tests, all parts of cylindrical structure with multiple holes act as heat sources

due to fussion heat and y -flux. The high temperature is especially

center of pellet.

generated over 25007C in the

Due to the high temperature, many problems occur, such as melting of pellet and

declining of heat transfer between cladding and coolant. In this study, it is attempted to minimize the
temperature of pellet using optimization method about geometric variables. For thermal and optimization

analysis of structure,

the finite element method code,

ANSYS 5.7 is used. In this procedure,

subproblem approximation method is used to the optimization methods. Through the optimum design
process, the temperature of sealed basket type is reduced from 2537°C to 2181C and the temperature
of open basket type is reduced from 2560°C to 21067.
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Tmax : Objective function

a : location of specimen (mm)

b : thickness of support tube (mm)
¢, g : thickness of Gap (mm)

d, h : thickness of outer tube (mm)
f : thickness of cladding (mm)

e, i : convection coefficient (W/m2)
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Fig. 2 Open Basket type
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Minimize ;
F(x) = f(x) + error 2)
Subject to ;
2(x) = g(x) + ervor (3)
n(x) = h(x) + ervor 4)
wix) = wx) +error (5

A71A, f(x) : EH 3§ (objective function)

x @ A AWM (design variable)
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g, (), wlx) : Az
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Minimize ;
f= Fx) (6)
Subject to ;
X; = x; < ?C;r: (i=1,2,3,,n) (7

g:{x) < g;+a; (i=1,2,3,,m) (8)
izi_ﬁz' = k\z(x) (Z.= 1!2!3!"'!”:2) (9)
Ai(x)

<

w;it y; (10)

AAME F
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Fig. 3 Analysis model of SBT



2003

Fig. 4 Analysis model of OBT
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Minimize Thmax

Subject to Py + P { 3Sa (12)

Gaplhickncss > 0
Thickness of variables > PD/20
Design variable a, b, ¢, d, e, f, g, h, i
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Table. 1 Material Properity

Heat

Material Generation

(MW/m’)
Pellet uo2 462.60
Thermal media NaK 13.26
Cladding Zircaloy-4 10.70
Support tube SUS304 1.22
Outer tube SUS304 1.22
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Table. 2 Sealed basket type variable

Design variables I(J:::)r I(I:rlluma)l I(JIEI;;r
a 13.00 14.50 16.00
b 0.73 1.40 5.00
c 0.01 0.20 0.50
d 1.21 1.40 5.00

Table. 3 Open basket type variable

. . Lower | Initial | Upper
Design variables (mm) (mm) (mm)
f 0.500 1.000 | 3.000

g 0.010 0.155 0.500

h 0.500 1.000 | 2.000

Table. 4 Convection coefficient variable

. . Lower Initial | Upper
Design variables W) | (W) | (wW/md)
e i 5000 17000 50000
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Fig. 6 Initial analysis of OBT
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3.2 EXHAMA
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Fig. 7 Variable history of SBT
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Fig. 9 Variable history of OBT
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Fig. 10 Temperatrure history of OBT
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Table. 5 Optimum value of SBT

Optimum value
Lo.catlon of 15.99
specimen (mm)
Support tube (mm) 0.74
Outer-gap (mm) 0.02
Outer tube (mm) 1.22
Convection
. 49884
Coefficient((W/m?)
Final Temp. ( C ) 2181

Table. 6 Optimum value of OBT

Optimum value
Cladding (mm) 0.810
Outer-gap (mm) 0.010
QOuter tube (mm) 0.860
Convection
Coefficient(W/m’) 39285
Final Temp. ( C ) 2106
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Fig. 11 Optimal analysis of SBT

Fig. 12 Optimal analysis of OBT
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