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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 medium-scale PHE prototype made of Hastelloy®-X is scheduled in a
small-scale gas loop at the Korea Atomic Energy Research Institute. In this study, as a preliminary study before
carrying out the performance test in the gas loop, high-temperature structural analysis modeling and macroscopic
thermal and structural analysis of the medium-scale PHE prototype by imposing the established displacement boundary
constraints were carried out under the gas loop test condition. The results obtained in this study will be compared with
the performance test results of the medium-scale PHE prototype in the gas loop.
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Fig. 3 Parts of medium-scale PHE prototype
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Table 1 Material properties of Hastelloy®-X alloy

Temperature| Modulus of | Poisson's Thermal Specific Coefficient of
Elasticity Ratio  |Conductivity Heat Thermal Expansion

(0 (GPa) (W T) | (JhkgK) 0% 7)
20 211 0.3 134 419 -

100 206 0.3 147 440 11.6
200 201 0.3 16.3 465 12.6
300 194 0.3 - - -

400 188 0.3 19.3 515 13.6
500 181 0.3 - - -

600 173 0.3 225 561 14.0
700 166 0.3 - - -

800 149 0.3 255 611 154
900 148 0.3 - - -
1000 141 0.3 28.7 662 16.3
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(a) Medium-scale PHE prototype
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Fig. 4 Thermal boundary condition of PHE prototype
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Table 2 Equivalent spring stiffness at pipelines

Position K (N/mm)
1" Inlet (K,.;,) 1824.9
1" Outlet (K,ou,) 630.5
2" Inlet (K,.;,) 2748.2
2" Outlet (K,-ou) 2748.2
Secondary coolant ISt

» 850C Condition

& inflow
20,14
- s10.53
790.52
770.71
Max. Temp. on AREER
External Surface
836.26°C

731.05
711.28
so1.ar
671.66
65185
632.04
Primary coolant 612,03

in-flow Soz.az
s72.61
552.80

zzzzzz

Secondary coolant
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Fig. 5 Temperature distributions of the outside of PHE
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Fig. 6 Boundary conditions for structural analysis
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Fig. 7 Bilinear stress-strain curve for elastic-plastic
analysis
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Fig. 8 Stress distributions in elastic analysis of medium-
scale PHE prototype
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Fig. 9 Stress distributions in elastic-plastic analysis of
medium-scale PHE prototype
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Fig. 10 Stress distributions in elastic-plastic analysis of
small-scale PHE prototype
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