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Stress Intensity Factor Analysis of Nozzle Considering
Pressure and Heat Transfer on Crack Face
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Abstract

In order to investigate the effect of nozzle on stress concentration in pressure vessels, three
dimensional finite element analyses were performed. The results were compared with those for
corresponding two dimensional axisymmetric finite element analyses. A three dimensional finite element
model with a surface crack was also designed to evaluate the effect of internal pressure and heat
transfer on crack face, and the resulting stress intensity factors from the finite element analyses were
compared with those for ASME Sec. XI and Raju-Newman's stress intensity factor solution. As a
result, the validity of currently available stress intensity factor solutions for a surface crack was
reviewed in the presence of geometrical complexity, heat transfer and internal pressure.
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Fig. 1 A schematic illustration of pressurizer (Unit

o 1651.0
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Fig. 2 A three dimensional finite element model of
pressure vessel
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Fig. 3 A two dimensional finite element model of

safety nozzle

Fig. 4 Surface crack of safety nozzle
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Table 1 Loading condition for temperature change

Time Fluid Temp. Heat Transfer

(sec.) 0 Coeft.(W/m’ T)
0 344.8 148.0
10 330.1 233.2
20 3133 207.6
30 300.2 179.7
40 291.6 162.5
50 287.4 154.2
100 284.8 154.2
200 2743 154.2
400 2336 154.2
700 204.4 154.2
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Fig. 5 Internal surface crack of cylinder
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Fig. 6 Finite element model used for K analysis
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Fig. 7 Stress distribution along the thickness under
internal pressure loading condition
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Fig. 8 Stress distribution along the thickness under
thermal loading condition
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Fig. 9 Normalized stress intensity factors by ASME
Sec. XI & Raju-Newman under internal

pressure loading condition
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Fig. 11 Stress intensity factors by FEA under
internal pressure loading condition
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Fig. 12 Stress intensity factors by FEA under
thermal loading condition
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