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Abstract: A 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 a chemical reaction that yields a large quantity of hydrogen. A small-scale
PHE prototype made of Hastelloy-X was scheduled for testing in a small-scale gas loop at the Korea Atomic Energy
Research Institute. In this study, as a part of the evaluation of the high-temperature structural integrity of the PHE
prototype, high-temperature structural analysis modeling, and macroscopic thermal and elastic-plastic structural
analysis of the PHE prototype were carried out under the gas-loop test conditions as a preliminary qwerl123$study
before carrying out the performance test in the gas loop. The results obtained in this study will be used to design the
performance test setup for the modified PHE prototype.
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Fig. 4 Parts of a modified design of PHE and their
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Fig. 11 Structural analysis results under temperature and
pressure condition

Secondary

S, M
, Mises coolant inlet

(Avg: 75%)
1011.296
960.775
910.255
859.734
809.214
758.693
708.173
657,653
607.132
556.612
506.091
455.571
405,050 Secondary

354:530 coolant outlet

Max. stress
Gravity 1011.296MPa

Secondary
coolant inlet

Primary coolant outlet

Fig. 12 Structural analysis results under temperature
condition




Ty A

£ 3} 0.67 MPa HX=O|t} Figure 13914 A Z #
Alg F9e 25 2 48934 =21 BFE AL
st o Ho &5o] AI<H1,009.793 MPa) 3

© Z(Fig. 11 #F) 4=Evs 1y A= of
0.451 MPa ©] §¥o] A5} o] A2 & PHE

e O EZL F 9 golo

= = H = T 1 T a1 =

BA 2ARTE 2% 2300 o9 Aol Au)

Qe AAbslFa k. mEbA PHE AlAlEe
- .

o]
945}0}7] e ug»
}Uﬂ AR g AT

5 E._l' . AA-I __ergHA-I

% PHE AIXHEA ANA a2 FEAAEE
shel A BAHAL F3U3

H AAg SEET 2 S92 sobslr] 96
Ne g5 w24 e Fsier @ Best

o

Figure 14 © & - - &4 12 F
Hastelloy-X 2] bi-linear §-3-H 3 %=
W 9t} Figure 15 & <% =7
A 25 3.0MPa, 2 A5 0.1MPa) &

Ao ' A aeTEINs F
PHE A|A|3F9] st A A A &2
Zo|t},

Figure 15 oA W oH-H oz Ho $3H
A A f4T¢ PHE AlAls: 25 <%
PHE AlAISF St Al Wil dAsl =T
e oF 393.7 MPa g kolt}. g4 _T’_% T2
Al oA Hd §3(393.7 MPa)9] =
= FxaA A A 32(1009.8 MPa)Oﬂ H] &l
A =olEen EI HugHe] AR}
HAEAT =, B a2z Ag 2 A
T4 &9 PHE AAE AAN <A PHE

o 1%
2 o

M
o

[ om
oM,
)

haf
LN

i 22

o2
X
£

£ rlo rt BN o

kl
oo = T f

e
i
°

NAE FRAA dEelA A o2 wAss)
) W, Ay meF e Aol 2 4
54 S99 PHE AAFE AA%F 3 PHE

’\]Xﬂ% A A el =i o IAEg]
o} w3 By nepzE Ao 14 §4 &=

gho]zmaple A dAygk w9 H=2 = (eF 1,400
MPa AXx)o] ghaiA 1384
Fx) A= oF 260 MPa A =2 O

A Al gk 234 (1V)

1253

o} At}

A A OH
E A
L S

8o 24 2 4 3 3% AR <l
g eE 2 W= AZuel 7Idee Aem
Bl
Figure 16 = PHE A|A|F 9 +=€ @A ANA 57}
24 AP EE YeRd Aot Figure 16 oAl HH
PHE AAISE 474719 dii& g0l g9
of ME=i gloy Ao % PHE AAIE] o
A 591 2 2 7 A F=79 PHE AlAlSF
AR =AY AHAA R ARAA
0.0355 B Hu) B7F AAMAES WA

t} 0.0355 AL S7F a4 WEEE
gholm 2 oo A AR 3 ), PHE
ANAFELS 287t 22To A ZA7 A FE 7

e AY-9E &4 7tsAe] Fong oS
A g Sl 2ATF g Eofor & Aot

AA -
H eAA n x4 232 Fig. 13 3 Fig.

Hwd 2

o o e o

Secondary

S, Mises :co\ant inlet
(Avg: 75%)
9.651
9,168
8.686
8.203
7.721
7.238
6.756
6.273
5.791
S.308
4,826
4.343
3.861
g ggz Secondary
ER coolant outlet
1931
1.449
0.966
0,484
0.001

Secondary
coolant inlet

Max. stress

Primary coolant outlet 9.651NP

Fig. 13 Structural analysis results under pressure condition
(elastic analysis)

—207C

—538T
—649C
——760°C
—871C

Stress (MPa)
g &
o O

0 01 02 03 0.4 05 06 07
Strain

Fig. 14 Bilinear stress-strain curve for elastic-plastic
analysis



1254

oy

71 -

ofol
oX,

Secondary
coolant inlet

Secondary

S, Mises .
. coolantinlet

(Avg: 75%)

448.773
426.379
403.984
381.590
359.195
336.800
314.406
292.011

Secondary

Primary
coolant outlet

coolant outlet

45.671 Max. stress
23.276 Secondary 393.703HPa
0.881 coolant inlet

Fig. 15 Structural analysis results under temperature and
pressure condition (elastic-plastic analysis)

Secondary
coolant inlet

/

Primary
coolant inlet

0.0926
0.0880
0.0834
0.0787
0.0741
0.0695
0.0649
0.0602
0.0556
0.0510
0.0463
0.0417
0.0371
0.0324
0.0278
0.0232
0.0185
0.0139
0.0093
0.0046
0.0000

Max. strain
0.0355

\

Secondary
coolant outlet

v

Primary
coolant outlet

| NN NEEEEEEEEY |

Secondary
coolant inlet

Fig. 16 Equivalent plastic strain distribution under temperature
and pressure condition (elastic-plastic analysis)

2 nadnd Tuze Algle] BAHUL. =
Ao B YH+= 2 A 74 =79 PHE
AN AE AAR Zx)e] <rEAA oo Yd

!
sereld e A S a4 AR B
A= FAA] W Farelolth,

AAH SRR 2NN FaE AN 9
i

gk Fasgk 717] &tukQl PHE o] 4% AAISE
of thate] £F7pAFE s A A A
L2 FEARYS detshr] A% fiesn
g9, 2 89 "2 22 72 8y 58 F
7h2 sdegla dde] ' a2 FxsA A
o mlaAste] 4 wEAES At v

2) a4 aerrsdy, Ade=e A7
7h @ aEgzs el v A FefEslon

9. v

Tk g HARLE HEHAT oA
A TR E A WY, BEE 4
st gl 2= AEw) ol 7|Qlste] vERd do
2 FAHEY

3) A nFZRIAMAF A3 PHE AAE
o] ke AANA Awe] Al FHEHE =945
o Aygste gHow Add o ol I
FAQl ¥ o s Hoja 4% PHE AlAIFS &%
Al AdAEde AAE ez Hdg. ayy &
He fEshs 78 8o 2= 9% Aojmw
7hestH AHS ¢kt £ Qv Wete] EAlY
ojoF g Aolt}

4) B AA x4y 4~3% PHE AlAE
o] QFHAAl Ui Fo] @G Hd HFEa
Rov FRAoE AG Ane] A 57 24
WEEE 433 %7] Wl 4% PHE AAES
GAE AR Aol Aagzvz &4 7
S S35 5 de E2A7F viRdEojop & FoR
Heltk

X
WA st AAACke] =EFEA o
AS3H7] At F71 8ol Fd o go|t) 5
PHE A|A|&S 7}~5F3Lo
A A)sle] Al o= AHAS 93ty Y3k

ik AA 8ol Ade] Hegk Aow wld
% 7|

Kol
2] st FaEL = dAYFL H
A7) M TA) ZnLTtAR QAT s
(MF-A) o] dgho 7 FaE Q).

Pt

o

(1) US DOE, 2009, Financial Assistance Funding
Opportunity Announcement, NGNP Program.

(2) AREVA, 2007, NGNP with Hydrogen Production
Pre-conceptual Design Studies Report, Doc. No.
1209052076-000.

(3) Idaho National Laboratory, 2007, NGNP Pre-
conceptual Design Report, INL/EXT-07-12967.

(4) Westinghouse, 2007, NGNP and Hydrogen
Production Pre-conceptual Design Report, NGNP-
ESP-RPT-001, Rev 1.

(5) Chang, J. H, et al., 2007, “A Study of a Nuclear
Hydrogen Production Demonstration Plant,” Nuclear



ol

A u gk

Engineering and Technology, Vol. 39, No. 2, pp.
111~122.

(6) Lee, W. J. et al., 2009, “Perspectives of Nuclear Heat
and Hydrogen,” Nuclear Engineering and Technology,
Vol. 41, No. 4, pp. 413~426.

(7) Shin, Y. J. et al., 2009, “A Dynamic Simulation of the
Sulfuric Acid Decomposition Process in a Sulfur-
iodine Nuclear Hydrogen Production Plant,” Nuclear
Engineering and Technology, Vol. 41, No. 6, pp.
831~840.

(8) Song, K. N. et al., 2009, “Investigation of FIV
Characteristics on a Coaxial Double-tube Structure,”
Trans. A of KSME, Vol. 33, No. 10, pp. 1108~1118.

(9) Lee, H. Y. et al., 2008, “Preliminary Application of
the Draft Code Case for Alloy 617 for a High
Temperature Component,” Journal of Mechanical
Science and Technology, Vol. 22, pp. 856~863.

(10) Song, K. N. et al, 2010, “High-temperature
Structural Analysis Model on the Process Heat
Exchanger for Helium Gas Loop (I),” Trans. A of

2 A AFEl g 22284 av)

1255

KSME, Vol. 34, No. 09, pp. 1241~1248.

(11) Song, K. N. et al, 2010, “High-temperature
Structural Analysis Model on the Process Heat
Exchanger for Helium Gas Loop(ll),” Trans. A of
KSME, Vol. 34, No. 10, pp. 1453~1460.

(12) Song, K. N. et al, 2011, “High-temperature
Structural Analysis of Small-scale Prototype of
Process Heat Exchanger (111),” Trans. A of KSME, Vol.
35, No. 2, pp. 191~200.

(13) I-DEAS/TMG ver.6.1, 2009.

(14) ABAQUS ver.6.9-1, 2009.

(15) Hastelloy-X Alloy website, www.haynesintl.com.

(16) Lee, H-Y et al., 2010, "Evaluation of Creep-fatigue
Damage for Hot Gas Duct Structure of the NHDD
Plant, Journal of Pressure Vessel Technology Vol. 132,
No. 6,031101-1-8.

(17) Lee, H-Y et al., 2010, "An Evaluation of Creep-
fatigue Damage for Prototype Process Heat Exchanger
of the NHDD Plant, To be appeared in Journal of
Pressure Vessel Technology Vol. 133, No. 1.




