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A Study on the Shape Design and Thermal Characteristics of Capsule
Cooling Block
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Abstract

During fuel irradiation tests in HANARO, all parts of cylindrical structure with multiple
holes will act as heat sources due to fussion heat and V-flux. Among these parts, cooling
block has a role in supporting and cooling the mini fuel element. To optimize the shape of
cooling block, the shape effect of cooling block on the thermal characteristics are examined
In this study the optimum design analysis of cooling block is performed by using the
convection coefficient. The convection coefficient is one of the important parameters controlling
the temperature of the fuel rod and it depends on the cooling block shape, coolant water area
and coolant water flow rate. For this analysis, the Finite Element Method(FEM) code,
ANSYS5.7 is used. From this study, the optimized shape of cooling block to reduce

temperature and thermal stress is calaulated and presented
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o]7]14 k : coolant water thermal conductivity (W/m.C)

D. : equivalent diameter (m)

V : coolant water velocity (m/s)

p : coolant water density (kg/m”)

: coolant water viscosity (kg/m.s)

P: : Prandtl number
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Fig. 6 Thermal stress of cooling block

Fig. 5 Thermal stress of tubes
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Minimize ;
f(x) = f(x) + error (2)
Subject to ;
g(x) = g + error 3)
h(x) = h(x) + error (4)
w(x) = w(x) + error 5)

A71AM, f(x) © 52 &5 (objective function)

x A AWM (design variable)
g(x), h(x), w(x) @ Az
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Minimize ;
7= 7 (6)
Subject to ;
x, < x;, < x; (i=1,2,3,,n) (D
20 < gita; (1=1,2,3,,m) ®)
hi—B; < hi(x) (i=1,2,3,",m,) 9
w;=7; S( iwzi(ic?zé’ w;; (10)

A7NA, n @ AARF] S

a;, B;, 7, tolerances
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Table. 1 Range of design variable and state variable
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Figure. 16 Optimal shape model of cooling

Figure. 15 Stress distribution of a cooling
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