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Elastic/Plastic High-temperature Structural Analysis
on the Small Scale PHE Prototype
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ABSTRACT

PHE(Process Heat Exchanger) is a key component required to transfer heat energy of 950°C generated in a VHTR
(Very High Temperature Reactor) to the chemical reaction that yields a large quantity of hydrogen. Korea Atomic
Energy Research Institute established a small-scale gas loop for the performance test of components, which are used
in the VHTR, and they manufactured a PHE prototype made of Hastelloy-X to be tested in the small-scale gas loop.
Results from the elastic structural analysis on the PHE prototype were reported in the previous article. In order to
investigate the macroscopic structural characteristics and behavior of the PHE prototype under the test condition of
the small-scale gas loop far more in detail, elastic-plastic high-temperature structural-analysis of the PHE prototype

was carried out in this study.
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Fig. 3 Process Heat Exchanger Prototype
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Fig. 4 Input data for thermal analysis

Table 1 Thermal boundary conditions for heat transfer
analysis on the primary and secondary flow

plate
Test Location Primary flow | Secondary flow
condition plate plate
X=0 850C 500C
450C (inlet) 352.13 W/m® | 38.82 W/m®
X=L 815.56C 849.96C
(outlet) | 33472 Wim® | 63.70 W/m®

Table 2 Thermal boundary conditions for heat transfer
analysis on the primary and secondary flow

7] AAF A Ty

pipeline
Te{s? Location Prlrr‘lary~ flow Secogdary flow
condition pipeline pipeline
Inlet 850C 500C
. e 836.0 W/m’ 93 W/n
850C . -
Outlet 815.56C 849.96C
829.11 Wm® | 151.67 W'
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Fig. 5 Temperature distribution of PHE outside
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Fig. 7 Stress-strain curve for elastic-plastic analysis
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Fig. 8 Structural analysis results under temperature and
pressure condition (elastic-plastic analysis)

Transaction of the KPVP, Vol. 7, No. 2

ofoir
o
Ein}
i
oot
Mo

AZAR 2] PHE AAIFE ¢E4A oA &
ﬁ}ﬁi—ﬂl 1S 9F 393.7 MPa A Eo|t} BAA
& FxEHNM Hdl $8(393.7 MPa)S] F7]E
A 1L FzaA A Hf 22(1009.8 MPa)'”
Hls A FolEqlon =g HojgE o] AR
WAFHA &, &4 neFx A A 23t
fr&7¢ PHE N A% AZ4%F <A 9 PHE Alﬂl
A A WAl A F5AH o7 HAE = Rl

, B I2Fxe A9 Ao 23 A

T-9} PHE AAIF 45 249 PHE AAIF S
A oA 7202 dAE Tt £33 8A

TR = 12 74 75 ol Zellol A

3 o> =2 3-¥(F 1,400 MPa 3 _\,:_)10)0] A4
23234 A3 Fig. 8 FE)NA+= <F 260 MPa 3
T FFOZ IA Gobxnt. o9} 2ol ©ai
2724 PHE AAF 4gAA N A
9 %] A g A 91X tﬂ% a8 v E
HAAE oMJAT 13 A4 5 ol Zellel A 9
A 58 LAWY W Wy e

HE L] Aol 71k AL

7}
A

ok

4

é"n{n:tojgérx&lﬂoérﬁm
o)

[e]

H
%

>

o)
T
k=)

=

-

l_,
o

A

R

ol

ol

1 FxHAY 8 A §
ig. 82] 393.703 MPa)°ll thall F7
F3E AAA B SES U
olty, Aygstd Ho-3H-2 < 221.559 MPa
24 A7) 3FH-L (291 MPa at 500C)" R}
A0 2 HrtE QT BAA 1L FXaE]A )
At S8 =7](393.703 MPa)7} A &9 &S
43lsta glov Myste H-ggeo] g
R 27] o o] EEe g7 Y

T\_.

Bt} webs PHE AAIF9] 722 A4

o}., Ol
Mo I

Table 3 Stress linearization results under temperature and
pressure condition (elastic-plastic analysis)

Max. Mid. Min. Tresca | Mises
Prin. Prin. Prin. Stress Stress
(MPa) (MPa) (MPa) (MPa) (MPa)
Membrane|
(Average) 6.62|—16.2375—143.041] 149.661| 139.642
Stress
Membrang 1) o741 856786 —79.6664 251741 221559
+Bending]
Peak 100.842/ —39.2506 — 61.3937]  162.236 152.376)
Stress
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Fig. 9 Equivalent plastic strain distribution under tem-
perature and pressure condition (elastic-plastic
analysis)
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