a7 Als sl =3 A, #3678 A10Z, pp. 1289~1295, 2012 1289

DOI http://dx.doi.org/10.3795/KSME-A.2012.36.10.1289 ISSN 12264873

2¥ FALaIY] AAF L2TF2HAS
Y 2AAE 2T Ay -

High-Temperature Structural Analysis of a Small-Scale PHE Prototype
- Analysis Considering Material Properties in Weld Zone -

Kee-Nam Song ', Sung-Deok Hong" and Hong-Yoon Park™

* Korea Atomic Energy Research Institute,
** AD Solution

(Received March 2, 2012 ; Revised June 28, 2012 ; Accepted June 29, 2012)

ro
-4
N
gl:g
1%
u"rl
g
o
=

Key Words: Process Heat Exchanger(3 7 & 1.3}7]), High-temperature Structural Analysis(L
Zone(&8%4-), Heat Affected Zone(HAZ: <& 3 &5

Z8: FAE dZFoR Aier] 93 dAHFRAMA AN FAGNET] = 2RVt ARZEE
AE 212 d& sehibgsAor HdIdt= 7|7 gAY FHEHY e
27 F LA Hastelloy-X 2 A A &% 28D u37[(PHE) AlAIECl the AsAdol 3
ATk LEQF &% PHE AlAIFCl digh wgxsae &459 7IA4 =4WstE st 2
iAol F= FPHATE B AFdANE AFst dAFEeRREH 92 &RF VIAA E4AE
ol-gate] LT xAS FHYstal 1 AIE A

Abstract: A process heat exchanger (PHE) in a nuclear hydrogen system is a key component for transferring the
considerable heat generated in a very high temperature reactor (VHTR) to a chemical reaction that yields a large
quantity of hydrogen. A performance test on a small-scale PHE prototype made of Hastelloy-X is underway in a small-
scale gas loop at the Korea Atomic Energy Research Institute. Previous research on the high-temperature structural
analysis of the small-scale PHE prototype had been performed using base material properties. In this study, a high-
temperature structural analysis considering the mechanical properties in the weld zone was performed, and the obtained
results were compared with those of the previous research.
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Fig. 3 Inside of KAERI’s PHE
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Fig. 4 Parts of small-scale PHE prototype
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Fig. 5 Small-Scale PHE prototype and its 3-D FE model
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Fig. 7 Set-up of PHE prototype in the gas loop
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Table 1 Spring stiffness at each pipeline
Position K (N/mm)
1% Inlet (K,.n) 1824.9
1¥ Outlet (K, ou) 630.5
2" Inlet (K,.i,) 2748.2
2" Outlet (K,.ou) 2748.2
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coolant in-flow =
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Primary coeclant out-flow
in-flow
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KP—in
Secondary

coolant out-flow
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Fig. 8 Displacement constraint conditions
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Fig. 9 Stress distribution in elastic analysis of small-scale
PHE prototype
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Fig. 10 Strain distribution in elastic analysis of small-
scale PHE prototype
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Fig. 11 Stress distribution in elastic-plastic analysis of
small-scale PHE prototype with base material
properties
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Table 2 Normalized mechanical properties in weld zone

Yield stress | Tensile strength

Base material 1.000 1.000

Heat affected zone 0.962 0.998

Fusion zone 1.094 1.120
}(l}xhzickuess + 3mm)

(Hastelloy-X) (3 x3mm)

Fig. 12 FE model including weld zone
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Fig. 13 Indented position in Hastelloy-X specimen
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Fig. 14 Variations of mechanical properties
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