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Abstract: The Intermediate Heat Exchanger (IHX) of a Very High Temperature Reactor (VHTR) is a core component
that transfers the high heat of 950 °C generated in the VHTR to a hydrogen production plant. The Korea Atomic Energy
Research Institute manufactured a lab-scale prototype of a Printed Circuit Heat Exchanger (PCHE) as a candidate for an
IHX. In this study, as a part of a high-temperature structural integrity evaluation of the lab-scale PCHE prototype made
of SUS316L, we carried out high temperature structural analysis modeling and macroscopic thermal and elastic
structural analysis for the lab-scale PCHE prototype under helium experimental loop (HELP) test conditions as a
precedent study prior to the performance test in HELP.
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Table 1 Material Properties of SUS316L

2 ; Coefficient of
Temperature  Modulus of ~ Poisson’s ~ Thermal — Specifie CETHEIEUEG

Elasticity Ratio  Conductivity  Heat Eig:i;zlu
(T) (GPa) (W ©)  (JkgK) ( I 0
20 192 03 13.94 470 159
100 186 0.3 15.08 486 164
a) 200 178 0.3 16.52 508 17.0
300 170 03 17.95 529 175
400 161 03 1939 550 179
500 153 03 20.82 571 183
600 145 0.3 22.25 592 18.7
700 137 0.3 23.69 613 19.0

b)
Fig. 4 Flow plates of a lab-scale PCHE prototype:

a) plate for primary flow b) plate for secondary
flow

‘ _ I 2. Diffusion Bonding

1. Chemical Wet Etching

3. Core Welding
4. Header & Flange

‘Welding

(optional)

Fig. 5 Manufacturing process of a lab-scale PCHE
prototype
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Table 2 Parameters of Primary/Secondary Coolants

Primary Secondary
Coolant Coolant
Fluid He He
Inlet Temperature (C) 550 300
Outlet Temperature (C) 411 438
Pressure (MPa) 6.0 4.0
1+t Qut-flow G €< 2" Out-flow

2ud In-flow —

,f

1* In-flow

Fig. 6 Finite element. model of a lab-scale PCHE
prototype
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1 In-flow Chamber :
550°C, 248W/m?K

1+ In-flow Pipe :
550°C, 1830W/m*K

244 Tn-flow Chamber :
300°C, 122W/m2K

244 In-flow Pipe :
300C, 1750W/m?

2vd Out-flow Chamber :
438, 122W/mK

284 Qut-flow Pipe :

1 Out-flow Pipe : 438, 1800W/m’K

411T, 1790W/m*K

1 Out-flow Chamber :
4117C, 248W/m*K

1%t Flow Path : Mapping by the Coordinate 2" Flow Path : Mapping by the Coordinate

Fig. 7 Thermal boundary conditions

Unit: C
550,00
£37.50
525.00
512,50
500.00
487.50
475,00
462,50
450.00
437.50
425.00
412.50
| 460.00
+ 3B7.50
375.00
362.50
350.00
337.50
325.00
312.50
300.00

g5t fut—flow

1+ In-flow

2 In-flow

2% In-flow

Fig. 8 Temperature contours
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Fig. 9 Structural boundary conditions
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Table 3 Equivalent spring stiffness at pipelines

Position K (N/mm)

1% Inlet 82925.3

1 Outlet 194.2

2™ Tnlet 277.6
2" Qutlet 2395.6

Mises Stress
(MPa)

229.50
218.16
206.83
195.49
- 184.16
r 172.82
r 161.48
- 150.15
r 138.81
- 127.48
- 116.14
- 104.81
93.47
82.14
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214 Qut-flow

20d Ty flow
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Fig. 10 Stress contours
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